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^ PREFACE 

A study of crew appliances for advanced spacecraft Is being performed for 

NASA JSC by the Boeing Aerospace Company under Contract NAS 9-13965. A 

large number of appliance concepts for the galley* personal hygiene* 

housekeeping* and other areas have been Investigated for application to 

the Shuttle Orbiter and Modular Space Station missions. This document 

presents the background to and results of trade studies to determine the 

« 

optimum appliance systems for these two vehicles. 

An Index file containing abstracts for 299 appliance-related documents 
was developed during the Initial literature search for this study. The 
original file will be delivered to and retained by NASA. 


Due to the large volume of library references and appliance engineering 
data used for the trade studies* It was necessary to present the supporting 
Information to the concept report In separate appendices as follows: 

APPENDIX A - In this appendix* the complete bibliography used for the 

appliance study Is listed In three forms: numbered* alpha- 

* 

betized* and sorted by subject matter. 

APPENDIX B - This appendix contains the supporting engineering data 
used for all appliance concepts considered for Shuttle 
Orbiter* Including plotted and tabulated trade study 
results for each appliance function. 
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APPENDIX C - This appendix contains the supporting engineering data used 
for all appliance concepts considered for Modular Space 
Station, including plotted and tabulated trade study results 
for each appliance functir 
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1-0 J.^Mductjon 

A large number of crew appliance concepts have been studied for applicability 
to the Modular Space Station and Shuttle Orbiter spacecraft, and detailed 
trade studies of the various concepts were conducted to choose the optimum 
appliance systems for both vehicles. Due to the volume of data used for 
the appliance trade studies, it was necessary to present the supporting 
information to the concept report in separate appendices. In this appendix 
are included all the engineering data collected for the appliances con- 
sidered for Modular Space Station, as well as plotted and tabulated trade 
study results for each appliance function. 

A crew appliance system organization chart was constructed. Figure Cl-1, 
to thoroughly and orderly establish an appliance system. The appliance 
concepts considered for Modular Space Station were categorized within this 
system as listed in Figure Cl-2. The engineering data and trade study 
results for the appliance concepts evaluated are presented in this appendix 
in the order given in Figure Cl-2. All the appliance data apply to a six- 
man mission, with the baseline mission ground rules and assumptions given 
in Figure Cl-3. Two basic missions were considered for Space Station: 

(1) 180-day mission, and (2) 5-year mission with 180-day resupply. 

The daily Space Station time schedule is Illustrated in Figure Cl-4. 

The data used for trading alternate appliance concepts are presented in 
Section 2 of this appendix. The format used in the data presentation is 
as follows: 


TPP__Shee_t Descripti on: This data sheet gives a description of the appliance 
function with the assumptions made for computing appliance size and penalties. 
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SPACE STATION MISSION OASELINE 

0 20,000 POUND MODULES (MAXIMUM) 

0 BASELINE MISSION 

- 6-MAN CREW (MALE/FEMALL) 

- 90/ 180- DAY RESUPPLY 

0 VEHICLE SYSTEM CAPABILITY 

- 1080 MAN-DAYS 4 96 HOUR CONTI NC-NCY FOR UP TO 12 MEN 

SPACE STATION REQUIREMENTS IMPOSED ON THE APPLIANCE SYSTEM 

0 GRAVITY - ZERO 
0 ATMOSPHERE (LIVING QTR's) 

- PRESSURE 14.7 PSIA 

- COMPOSITION 3.2 PSIA O 2 

11.5 PSIA Ng 

- CO 2 CONCENTRATION 

0 TEMPERATURE (LIVING QTR’s) 

- RANGE (DRY BULK) 65"-75“F 

- DEWPOINT 39“-62“F 

0 OPERATIOi;/'.!. LIFE 

- 10 YEARS/SCHEDULED MAINTENANCE 
0 GENERAL 

- GAS VENTING ALLOWED/NONPROPULSIVE 

- LIQUID VENTING SHALL BE MINIMIZED/NONPROPULSIVE 

- JETTISON OF SOLIDS/SOLID WASTES SHALL NOT BE ALLOWED 

SPACE STATION TIMELINE 

0 NOMINAL CREW DUTY CYCLE 

- SEE FIGURE Cl-4 


Figure Cl-2, Space Station Baseline Mission 


# 


Cl-7 



Sally Tlae - sart& Schedule 



Figure Cl-4. . Space Station Timeline 
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■| I 1.0 (Continued) 

Appliance Tuncti o n Matri x. This table lists the following engineering data 
used for trading each appliance concept for a given appliance function: 

0 Appliance usage time 

0 Fluid consumables usage (e.g., amount of air or water lost to space) 
0 Fluid interface requirements (type of fluid, flow rate, temperature, 
pressure) 

0 Thermal requirement for maximum heat leak to cabin atmosphere and 
directly to the coolant circuit 
0 Average and peak AC and DC electrical power requireinent 
0 Appliance total weight/volume penalty 

0 Development cost indicator based on state-of-the-art rating and 
concept complexity 

0 Total 180-day resupply weight for expendables 

Tne thermal, electrical, weight, and volume requirements listed in the 
table represent the total penalties assumed for the appliance and used to 
trade against alternate concepts. For example, the weight tabulated for 
reusable washcloths vor partial body washing includes an appropriate weight 
charge for a clothes washer and dryer assumed to clean the cloths. To see 
the detailed itemized breakdown of each of these penalties, the data work- 
'■leets, described later, should be consulted. 

Altern a to Appliance Concept Rating Plots . In this figure is plotted the 
rating (based on zero minimum and 100 maximum points) for each appliance 

O 


Cl-9 
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1.0 (Continued) 

concept traded for a particular appliance function. These plots were 
generated by the TRADE computer program described In the concept report. 
Higher ratings indicate a more favorable concept based on the penalties 
considered and the weighting factors assumed. Two curves are given for 
each case: one for a 180-day mission, and the other for a 5-year mission 
with 180-day resupply. 

Appliance Concept Selection Matrix . Four tables are included here giving 
the results of the computer trade and sensitivity analysis. These tables 
include the following: 

0 Selection matrix for a 180-day mission. This lists the weight, 
power, volume, etc. rating and the summed total points for each 
of the concepts. The total points are adjusted proportionally to 
a scale of zero to 100 maximum points to yield the final compara- 
tive rating for each concept. 

0 Sensitivity analysis for a 180-day mission. This table lists the 
comparative rating for eacn appliance concept assuming the weighting 
factor for each trade parameter (e.g., weight, power, volume, etc.) 
is increased or decreased individually by 50 percent while holding 
all other weighting factors constant. Thus, the sensitivity of the 
above trade to any single weighting factor may be seen. 

0 Selection matrix for a 5-year mission with 180-day resupply. The 
trade data and method to obtain this matrix are Identical to the 







XP 1.0 (Continued) 

180-day mission matrix described previously except that resupply 
weight for expendables is added as a trade function. The compara- 
tive ratings for each concept are tabulated for the 5-year case 
in the same format as was done for the 180-day case. 

0 Sensitivity analysis for a 5-year mission with 180-day resupply. 
This table corresponds exactly to the table for the 180-day case 
described previously, except the added trade parameter of resupply 
weight is included. 

Component Reliabilitv/Maintenance/Safetv List . This table itemizes the 
types and number of components used for each appliance concept and the 
number of items considered to be safety critical. Each component is 
numbered to identify it in the component reliability list given in Table 
Cl-1. This li^ itemizes the reliability data used for each component 
in the computer selection trades. 

Appliance Concept Description . Each concept is described verbally and a 
drawing presented where available. 

Appliance Concept Data Worksheets . Two data sheets are Included here which 
Itemize the weight, volume, power, thermal, and consumables penalties 
associated with each appliance concept. 
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TABLE Cl-1 


COMPOflENT FAILURE RAIL AND REPAIR TKCf) 


COMPONENT 

NUMBER 

COMPONENT 

DESCRIPTION 

REFERENCE 

NUMBER 

FAILURE" RATE 
(XxlO-6) FAILURES/ 
MILLION HOURS 

REFERENCE 

NUMBER 

REPAIR TIMES'! 

(MTTR) i 

HRS/REPAIR 1 

1 

MOTOR 

252 

3.8 

m 

0 . 5 +. 2=.7 

2 

PUMP 

100 

6.0 

254 

0 . 2 +. 25=.45 

3 

SOLENOID VALVE 

100 

0.72 

254 

0 . 1 +. 2=.3 

4 

ACCUMULATOR 

100 

0.01 

- 

0 . 5 +. 2=.7 

5 

ACCUMULATOR/ 

BLADDER 

251 

1.77 

- 

0 . 5 +, 4=.9 

6 

WATER SEPARATOR 

100 

1.20 

254 

0 . 2 +. 2=.4 

7 

TRANSMISSION 

251 

1.50 


0 . 5 +. l =.6 

8 

FLUIDIC SWITCH 

251 

1.61 


1 . 0 +. 1 = 1.1 

9 

FILTER 

251 

0.16 


0 . 1 +. 2=.3 

10 

ELECTRIC SWITCH 

252 

5.74 

- 

0 . 2 +. l =.3 

n 

PRESSURE 

REGULATOR 

100 

2.94 

254 

0 . 1 +. 1=.2 

12 

VALVE (GNg) 

100 

0.72 

254 

0 . 1 +. 2’.3 

13 

CONTROLLER 

251 

2.5 

254 

0 . 1 +. 3=.4 

14 

HIGH FREQUENCY 
CONTROLLER 

m 

UNK 

- 

UNK 

15 

ELECTROACOUSTIC 

TRANSDUCER 

252 

86.2 

254 

0 . 1 +. 2-3 

16 

HEAT EXCHANGER 

251 

0.23 

254 

0 . 2 +. 5=.7 

17 

HEATER-DC 

251 

1.0 

mm 

0 . 2 +. l ».3 

18 

BLOWER- AIR 

251 

10.89 

254 

0 . 2 +. l =.3 

19 

CONTROLLER/ 

TIMER 

251 

2.5 

254 

0 . 1 +. 3*.4 

20 

THERMAL STORAGE 
UNIT (WAX) 

251 

0.23 

m 

0 . 2 +. 5».7 

21 

DESICCANT 

CANISTER 

251 

0.21 

! 

1 

0 . 2 +. 5=.7 

22 

CHECK VALVE 

251 

0.312 

m 

0 . 1 +. 2=.3 

23 

MANUAL VALVE 

251 

0.776 

m 

0 . 1 +. 2».3 

24 

TEMPERATURE 
CONTROL VALVE 

251 

7,183 

- 

0 . 1 +. 2«.3 

) 25 

RELIEF VALVE 

251 

0.312 

• 

m 

0 . 1 +. 2-.3 

' 26 

RF GENERATOR 
(MAGNETON TUBE) 


UNK 


UNK 

27 

ACTUATOR 

252 

.024 


0 . 2 +. 5=.7 

28 

PRESSURE SWITCH 

251 

3.57 

m 

0 . 1 +. 2=.3 



llAlilTABILITY SUBSYSTCM 


1 .0 Food Maiiafj oiiio nt. 

APPLIANCE riJNCliONS CONSinOUD 

1.1.1 Ambient Food Storage 

^ 1.1.2 Refrigerated Food Storage 
1.1.3 Frozen Food Storage 

1.2.2 Food Warming 

1.3.1 Dishv/ashcr/Dryer Combination 

1.3.2 Dishwasher/Dryer w/Dishes 


DESCRIPTION 

The food management subsystem supplies all of the necessary functions for the 
storage and preparation of foods as well as the equipment required for the 
galley cleanup. Disposable dishes and utensils were considered as alternates 
to cleanup equipment. The three types of food storage were identified as 
ambient (dry or liquid), refrigerated, and frozen. The requirements for the 
food mix between these three categories are discussed later in this description. 

Food preparation functions include rehydration of dry food and warming of 
frozen food. No considerations were made for the preparation of food mixes 
or cooking of food. 

The cleanup equipment necessary to provide clean dishes and eating utensils 
for each crewmember for each meal was determined by first identifying the 
best mechanical cleaning systems and then comparing them against disposable 
dishes and utensils. 

A large variety of spacecraft foods are available for crew consumption. These 
are typically divided into tv/o major categories: wet (more than 5^ moisture 
content) and dry (less than 5% moisture content). The dry food is considered 
to be shelf stable at ambient temperatures. The wet food is divided into 
three categories: (1) shelf stable at ambient temperature, (2) refrigerated, 

and (3) frozen. Obviously, a large variation in food mix could be chosen from 
these basic types. The Apollo wet/dry food mix was 20/80. For Sky lab it was 
30/70. The crew requirement for drinking water from the portable water system 
will vary depending on the amount of water in the food mix. Also, the vehicle 
welght/volume/power penalty will depend on the type of food storage used - 
ambient, refrigerated, and frozen. To do a detailed optimization of the food 
system was beyond the scope of this study. Many of the decisions regarding 
food types depend on crew preference and psychological factors rather than 
strict weight/volume/pcx'/er penalties. Consequently, it was decided to per- 
form all the trades of food storage appliances based on the food mix used for 
Skylab. The weight and volume of frozen, refrigerated, and ambient storage 
for Skylab is given in Table C2-1. 


C2-1 





HABITABILITY SUBSYSTEM 1.0 Food HananciiiGnt (Continued) 


TABLE C?-l 

; ! 

PLAiLiLD SKYLAB FOOD WEIGHT AND VOLUME 
(INCLUDING PACKAGING AND RESTRAINT) FOR 420 MAN-DAYS 


Food Type 

Total Food Size 

Number 

of 

Units 

Food Size 

Per Unit 

Weight 

kg 

_ (1^ 

Vol ume 
cum 
(cu ft) 

Weight 

kg 

Jlbl 

Vol ume 
cum 
(cu ft) 

Frozen 

121 

0.299 

5 

24.1 

0.0598 


(266) 

(10.56) 


(53.2) 

(2.11) 

Refrigerated 

24.1 

0.0598 

1 

24.1 

0.0598 


(53.2) 

(2.11) 


(53.2) 

(2.11) 

Ambient Storage 

955. 

2.60 

11 

87 

0.236 


(2106.) 

(91.7) 


(192.) 

(8.34) 


These are the initial launch values for a planned 420 man-days. These values 
were multiplied by 1080/420 to adjust for the 1080 man-days for Space Station 
assumed in this study. (NOTE: Mo contingency is accounted for in this ratio 
since the Skylab food weights already include the actual contingency used for 
the Skylab mission.) The resulting size required for Space Station food storage 
is shown in Table C2-2. The refrigerator locker size was adjusted slightly to 
be the same size as the freezers and, at the sanie time, correspond to the Skylab 
refrigerator size. 


TABLE C2-2 

REQUIRED SPACE STATION FOOD WEIGHT AND VOLUME 
(INCLUDING PACKAGING AND RESTRAINT) FOR 1080 MAN-DAYS 



Total Food Size 

Number 

of 

Skylab 

Units 

Required 

Actual 

Number 

of 

Units 

Assumed 

Assumed Food Size Per Unit 

Food Type 

Weight 

kg 

Ob) 

Volume 

cum 

(cu ft) 

We'ght 

kg 

(lb) 

Volume 
cum 
(cu ft) 

Frozen 

311. 

(685.) 

0.769 

(27.16) 

12.87 

13 

23.9 

(52.7) 

0.0592 

(2.09) 

Refrigerated 

62. 

(137.) 

0.154 

(5.43) 

2.57 

3 

23.9 

(52.7) 

0.0592 

(2.09) 

Ambinent Storage 

2459, 
(5420. ) 

6.68 
(236. ) 

28.3. 

28 

88. 

(194.) 

0.239 
(8.43) . 


9 
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HABITABILITY SUBSYSTEM 1.0 Food Management (Continued) 



A number of different refrigeration systems were discussed in the literature 
reviewed including dry ice, water sublimation, cryogenic storage, precooled 
heat sink, vapor compression, space radiator, thermoelectric, and air-cycle 
turbine/compressor. These concepts v/ere all reviewed for mission of 84 to 
2250 man-days, and only two (space radiator and thermoelectric) were found to 
be practical for space missions. Consequently, only the space radiator and 
thermoelectric concepts were examined in this study; and also the air-cycle 
turbine/compressor was included for comparison since it represents a typical 
commercial aircraft system. Other types of refrigeration systems are avail- 
able, such as Stirling and Bray ton cycles. 



C2-3 
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HABITABILITY SUDSYSTE M 1.0 Food Mrinancinont 

HABITABILITY fUtJCT !0N_ M Food Storage 

APPLIANCE rUNCTU■l^t 1.1.1 Ambient Food $t-.s - 

NUt^tBER OF CONCEPTS C0NSlDE!:n) 2 


ASSUMPTIONS 


The ambient food storage capacity assumed in this study was as follows (see 
food management description): 


Number of units 

Individual unit packaged food weight 
Individual unit packaged food volume 
Total packaged food weight 
Total pac’ aged food volume 


28 

88.0 kg 
0.239 cu m 
2459.0 kg 
.6.68 cu m 


194 lbs 

8.43 cu ft 
5420 lbs. 

236 cu ft 
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SPAC L'CRArT, _ „Spa cjlila-ti pn 

HABITABILITY SUBSYSTTM. Food M^na^ciii^t_j1ABITABILITY FU!ICTI0H Fo od Storage 

;\PPL I AtJCE FUMCT ION Ambient F ood St orage 

APPLIANO; COIICCPT NO. /TITLE 1/Rigid Container 

INDEX NO. lA .lA RFF. NO. 177 

DESCRIPTION 

In this concept, dmbient food is contsincd in o piQid boX“Iike container 
with shelves to retain the food. A structural weight of 26.3 kg per kg 
of food capacity was used from Reference 177. Volume was estimated on the basis 
of each individual storage locker being cubical in shape with 5.08 cm (2.0 inch) 
effective wall thickness on all sides. 
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SPACECRAFT Space S tation 

Too3 

IIABITA15ILITY SUBSYSTE M Managfeinent ^HABITABILITY FUNCTION F ood Storage 

APPLIANCE FUNCTION Ambient Food Storag e ^ ^ 

APPLIANCE CONCEPT NO. /TITLE 2/FIcxib1e Container 

INDEX NO. *1.1. 1 .2 REF. NO. 177 

DESCRIPTION 

In this concept, an elastic netting material is used to retain the ambient 
food within retractable guides. Structural weight is assumed, according to 
Reference 177, to be 10 percent of the v;eight for the rigid concept. Volume 
was estimated on the basis of each individual storage locker being cubical in 
shape with 1.27 cm (0.5 inch) effective wall thickness on all sides. 
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HABITABILITY SUBSYSTOl Management 

HABITABILITY FUNCTION Storage 

APPLIANCE FUNCTION 1.1.2 Refrigerated Storage 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS t The Space Station refrigeration capacity assumed in this study 
was as follows (see food management description): 

Number of units: 

Individual unit packaged food weight 
Individual unit packaged food wolume 
Total packaged food weight 
Total packaged food volume 


3 

23.9 kg 
0.0592 cu m 
71.6 kg 
0.177 cu m 


(52.7 lbs) 
2.09 cu H) 
158. lbs) 
(6.27 cu ft) 


Refrigerator box insulation thickness was assumed to be 10.16 cm (4.0 inch) 
for all concepts. 
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D'MirVjGl'l 


SPACrCRAlT on 

HARTTAI.ILH Y SUl'SYSTni _ Pood rUHCTJ0;i Food C tcragg 

APPl.lAuCi: niR'CTION 

Al'Pl.IARCC C0:;Ci:i»T NO./TITI.F 1/*^nace Rndifltor 

irJDL'X no. hl'3.'2 1M^255 

DESCRlPTIOri ; Thi*-. concept is sinply an insulated food storage box, v/ith coolant 
fror.i the spacecraft ECS radiators routed through tubing within the refrigerator 
walls.- This concept was used for the Skylab refrigerator, which had the following 
size: 


WEIGHT V OLUME _ 

J <3 lb cu i:: cu ft 

Food capacity (packaged and restrained) 24.1 53.2 0.0598 2.11 

Total refrigerator (empty) 45.8 101 0.210 7.41 


The Space Station refrigerators were sized proportional to the above Skylab 
data based on the refrigerator food capacity. The wall insulation was 10.16 cn 
(4.0 inch) thick. It was assumed that the radiator coolant would bo of sufficiently 
low temperature for this concept to be feasible. 
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SPACrCl’i'l T SjiAce -Station 

IIABITAimilY SUnSYSTn: Foo_^Mana_neinc^t JIAiniAIUl ITY rUIXTION Fpod,iiD02C_.. 


;\F>pi.iAncE I ui;cTiofi RjLlan£ri^ed 


api’1.ia::ci: rx'iicEPT no. /title. 


2/Thorrnoe1 ect ri c 


INDEX NO. 


1 . 1 . 3. 2 


NO. 


184 . 177 


Dr^fPlPTIOil : In this concept, the refrigerator has a self-contained cooling unit 

operatir.o on the thermoelectric principle. Direct electrical current is passed 
through staged semi-conductor junctions arranged such that heat is removed at one 
set of junctions (providing the cooling) and rejected at the other. The refrigerator 
engineerinn data used were taken from Reference 184 anJ 177, which were obtained 
from catalogue data for commercial units. The reference weight and volume were 
given separately for the refrigerator locker and the thermoelectric devices. To 
kccD the concepts on a common basis, the weight and volume of the locker were 
assumed equal to the locker for the space radiator concept #1. 
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SPACCrJ!ArT_ ,SpacG.St.otiQn. 

IIAl'.ITAr.lLlTY SUl'AYSUM XQQ'^ JJaaAM'nt . HABITA! IIY riiBCTIO:! J(>oil.r>tpra<jo 

AI’I-’L I A‘l(; B rUN'CT I nn Storage 

API’I.IAACL COiiClf'T fiO./TlTl L' 3/Air-cyc1c ti irhi ne/compror.rior 

I hud; no. f'0._.i84 

DDCfUl’TION ■ In this concept, air is aUernately compressed and expanded in a 
closed refrigeration cycle. This concept v;as included for comparison since it 
represents a typical commercial aircraft system. In an aircraft, ran air is used 
to cool Uic 'tieated v.orkir.g fluid, wherr>.a<; in the spacecraft system a motor and 
fan are used. 
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HA15ITABJ l. ITY SUB5YSTCM 1.0 Food M anjgc i;ir-iit 

HABITABILITY FUNCTION 1.1 Storage 

APPLIANCF FUNCTION 1.1.3 Frozen Stora ge 

NUKbLR OF CONCEPTS CONSIDERED 3 


ASSUMPTIONS : The Space Station freezer capacity assumed in this study was as 
follows (see food manaqcinent description): 


Number of units: 13 

Individual unit packaged food weight 
Individual unit packaged food volume 
Total packaged food weight 
Total packaged food volume 


23.9 kg 
0.0592 cu m 
311. kg 
0.7/0 cu m 


(52.7 lbs) 
(2.09 cu. ft) 
(685 lbs) 
(27.2 cu. ft) 


Freezer box insulation thickness was assumed to be 10.16 cm (4.0 inch) for all 
concepts. 
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Frozen f oocJ Storage 


APF’i.i;;:ci; co^jclpt r;o./fiiLC_ J_/spaa; j^adjotot 

INDL>: i;o. 1 .1.3.1 nr;h. no., 


184, 255 


nCSCr.li'DOlJ ; This concept is sinply an insulated food storafie box, with coolant 
froi’i the spacecraft ECS radiators routed lluoufjh tuhinn within the free, ^r walls. 


This concept was used for the five Skylab food 

freezers , 

each of 

which had 

the 

following size: 






WEIGHT 

ypL W 

IE 


biLl 

lb._ 

cii nf 

'cu ft 

Food capacity (packaged and restrained) 

24.1 

53.2 

0.0598 

2.11 

Total Freezer (empty) 

45.8 

101 

0.210 

7.41 


The S/ace Station freezers v/ere sized proportional to the above Skylab data 
based on th freezer food capacity. The wall insulation was 10.16 cm (4.0 inch) 
thick. It was assumed that the radiator coolant would be of sufficiently low 
temperature for the concept to be feasible. 
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DCSCRIPTIO:!; In tins concept, the freezer has a self-container' cool inn unit 
operating on the thermoelectric principle. Direct electrical current is passed 
through staged semi-conductor junctions arranged such that heat is removed at 
one set of junctions (providing the cooling) and rejected at the other. The 
freezer engineering data used v/ere taken from Reference 184 and 177, which \;ere 
obtained from catalogue data for con’mercial units. The reference v/eioht and 
volume were given separately for the freezer locker and the thermoelectric 
devices. To keep the concepts on a comm.on basis, the v/eight and volume of the 
locker were assumed equal to the locker for the space radiator concept . 
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Sf^XrcnAll _ S(_HTce_Stat.ion__ 

HABIlAi;!! ]TY Slll'A^YA i i II Fpod Manajiaiien^^^ )TY 1 UIICTK^IJ __j op'LStojagn 

APPI-1/V!C!. rilliCT IllII Jqod Stotvfin 

Al-Tl lAII'.lL CCIiCLPT I!0./T1TLC 3/Air-cyclG t.u r!)' i n^/conprcssor 

iti()!:>: i;o. L*i^3. 3 idiF . no. _ . j84 

DCSCPIPTIOn : In this concept, air is alternately co’npressed and expanded in 

a closed refrigeration cycle. This concept was included for coroparison since 
it represents a typical commercial aircraft system. In an aircraft, ram 
air is used to cool the heated w'orking fluid, whereas in the spacecraft system 
a motor and fan are used. 
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; HAl’.ITAMl.ITY fUlXl 10:i, _ 1 . Prep \rr,tinn 

' APPLiAixi: ru:;cTic:j__. 

NUMBER OF CONCEPTS CC/iSi DLRlU___ J 

ASSUMf’TlOUS 

Since current planning in the spacecraft food systcio area does not include 
a requirei':ent for cooking, the concepts considered in this section apply to 
food wanning only and not cooking. In Reference 184, it is reco;.. '.ended , 
for planning purposes, to size ovens based on 00 percent of the maximui'i 
allotted frozen food per man-day. Based on the Skylab food mix which was 
assumed in this study (which contained approximately 45.5 kg [100 lbs] of 
frozen food for 420 planned man-days), this would result in a warming unit 
sized for 0.109 kg (0.24 lbs) per man. This value is obviously low, due to 
the relatively short supply of frozen food in Skylab. Therefore, the design 
value of 0.385 kg (0.8472 lbs) and 0.00480 cu m (0.1695 cu ft) of food per 
man (References 184, 276) was assuir.ed throughout this study to size the 
ovens, for Space- Station, the oven food capacity was therefore 2.31 kg 
(5.1 lbs) and .0289 cu ni (1.02 cu ft). Three meal w.armings per 24 hours were 
assumed per man. 

The detailed engineering data for Space Station food wariDing concepts were 
derived directly from the data used for the Shuttle concepts in Appendix B 
The Shuttle warming roncepts were based on a four-man crew, whereas. Space 
Station was based on six men. Therefore, all the Space Station weight/volume/ 
power/thermal data were assumed to be 6/4 times the corresponding Shuttle 
data. This method of adjusting linearly for crow size was .used in Reference 
276 and was felt to be adequate for this effort. To compare the food wanning 
concepts on a common basis, the weight and volume of each food concept includes 
the weight and volume of the trays and tray rack associated with it. 
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SPACCCCArT 


• I'.u I’ 'j I II I i 


l!ABii/-!;!L!TY sii!’.‘,YSTr;i :m(hI r 


HACITABIl.ITY FUIlCriON ^^(.1 Pr-' i-n 


APPLIAA’CF ru:'JCTIf)fl m.'m! i r,,- * 


APPLIAnCL COBCLPT fiO./TITLD l/ll-.ii.' ItMv. (',1 .L.lO 


1 . 2 .?.] 


Rtr. NO. 27A 


DrSCRIPnON : In Llii'^ coiiujiL, <ir. irr.ulated food Lrr.v witfi thn^r fieotinn c.ivitio' 

surTtnim'ari !>y olccLrical t c". i t.iisC'- iiratitv] ol. ii,'-, i used, rhio 

Coi (.'‘:''t u^;od ori fl.yl.il), and Uk acUic.l fk''!..!) "('inf't/volu: -/pp ;(f dalfi '/or'' 
ac.'iiJi'K'd. A heatitvj Lv:o nf 1', to ? hour-, is renCiiiod tc v.'arn tlK' food. Two 
hours used for coi lyut i irj thor.ial pcitcl tio^ to tiu; cabin cof'lino circuit. 

•Each SkyKib heatinp tray w.';i''hod 1.0.9 i r; (?.A Ih,). Ilo.-.'cv'r, of thi; total 
\.'ei'j!it, ?.7 kg (6 lb) v.'as a st-inlp-.s stcnl ''rad ■! us'^d f('r a v/orl’.itn rairfrc'''. 

To cc.:;)-irc with the oven c'"ic ('0 , tlij ’..'oi'”lit/voii;:Tj nf this brad'.ot wa: not 
includ'd in thn !ip.iHn': i ray woigiit/voltM?. Instcid, tiio data for a tray storuno 
rack '.Viis taisen frc.i Rotcronco 276 a:;d atkdf-d to tiio liisic cc'nco;>t woiglit and 
volirso. No ''.opartito disli tray ponalty wws oddod -for this concept since the 
tray Is already an integr'al part of the concent. 
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SPACECRAl'T '-P-k:-' 


HABI TAli I LI T Y SUBSY.STi.M I'on.! ,-!ii.. HABITAC I L IT Y ruiiCTION , , t u.n 

^ APPLIAL'CL f UnCTIOn Lonil Lrt.-iin-! • ^ 

APPLIANCi: CORCLPT fiQ./UTLL' ' P/Ovrn-hnt dit ( oiiV'-'ct.ici!i floctri c 

INDEX NO. *1.2.?.P fjO. 276 


DESCRIPTION : Tfris concopL ro;iei;'blc=;, <i ro.iVi'ntionrfl olcctriral oven with 

resistiiiH'e IV'<:tino o1e:vwn{,s. Oven size is li.tsed on the repui roisent in Sc'ction 
1.2.2 of 0.02u9 cu M (1.02 cu ft) of food ikm' ineol. A heotinn tir.e of 0,5 I'ours 
was used, witli an additional 0.5 hours allov/ed ior tfie oven heat to dissipate; to 
the cabin gas. Tlius, a total tiii’j of 1 hour was assuisod for co’.’putinp tlie then.ial 
penalty to the cabin conlina circuit. 
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1 . 2 . 2 . 3 ___W-i . no.__ 276 


I hud; lio. 


DliSCniPTIO:! : This concept rcsc;;ib1cs a conventional 'P l?/(l 0^^' 

is based on the requi remonts described in bection 1.2.2 of 0.fi2oJ cu ni (1.U2 
cu ft) of food per meal. A heatinq tiiso of 10 ninutes was assumpd, with an 
additional 0.5 hours allov.'cd for the oven lic..t to dissiprte to the cabin qas. 
Thus, a total time of ^0 minutes was sssup'cd for conputing the tlierrnai |Kinaity 
to the cabin cooling circuit. 
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Assi;!'.PTK):;;> 

An the autOM'itic cJi 'jli'.Vif.hi ii'j (lotd fcutifl luvc hocii for sirrjlo inlccriitcd 
waslior/dryer units. Tlireo waihiti'js per (Ly v.'cro assuiicd, with G.8 kij (15 lbs) 
of water used for v.'ashiivj end 6.0 k'j (15 Ihs) for ritroiti'j. It is assuii'.d that 
O.Ki kg (0.30 lb) o? residual water lei’ains on the disf'.es after washing to 
be rei'ovod by the dryer. 

The amount of dislies required by tli^'' c.'C;.'.', assimdng an automatic dishwasiter/ 
dryer is abn.ird, was cesputed and included with the v'ushcr/diycr penalty. 

This was necessary to compare with Jhe dispo'-cd.'V- dishes case in Sectioi 1.3.3. 
The packa'.ed weight and voluaf' of U.e disties \.'ere tak.cn directly fro:-i Section 
1.3.?, d tiie results shown in Tuiile Ck-5. The total dishes/uiensils/cu; s 
requirec ..’ith th(i di vliw.-slior for a six-nan cr w is 6.9 kg (15.? lbs) and 
0.0?3 cu in (0.81 cu ft). 

Wastiiivj tine and drying tii.e are each assur.ed to take one hour. 
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APPLIANCE CONCEPT COMPONENT SUr^^ARY MATRIX 
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ULTRASONIC ’.CASHING, FORCED HOT 
AIR P.ECTRIC DRYING (pg. Ill) 
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DESCniPTlON 


In this concept, Wtishing is accor'.plishod by spraying hot v/atcr (v/ith an 
8 psi<) pu'iip head) over the uishos in a slowly rotating drum. Drying is 
assumed to bo acco:;ip1ish(.’cl simply by centrifugal force at high speed rotation. 
This concept is included in the trades since conceptual data are available; 
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SPACECRAFT Space Station 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Cleanup 

APPLIANCE FUNCTION Dishwasher/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 2/Hot Water Spray-Air Spray Dry 

INDEX NO. 1.3. 1.2 REF. NO. 90 

DESCRIPTION 

The washing function for this concept is identical to that used in Concept 1. 
Drying is accomplished by a high-velocity air spray (30 fps) sufficient to 
drive the water droplets off the dishes. Thus, the drying air is not heated. 
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SPACECRAFT Spocc Station 

FooJ 

HABITABILITY SUBSYSTE M Management H ABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION Dishwasher/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 3/Hot Water Spray Wash-Forced Hot Air Electric Hea t Dry 

INDEX NO. *1.3. 1.3 REF. HO. .. ; 

DESCRIPTION 

The washing function for this concept is identical t;o that used in Concept 1. 

Washing is accomplished by spraying hot water (with an 8 psig pump head) over 
the- dishes in a slowly rotating drum. Drying is accomplished by a circulating 
flow of air over the dishes which is heated by an electrical heating element. 

The heater also heats the dishes by radiation. Heater size is based on a 
1 hour drying time. 


C2-84 




-1 


02-118561 -4 


f »^is 

i • 

V ^ 


,, , , WtlAUCt CONCtr WQUimWNTS AND KMAITIIS CAlCOtATIOfIS > , _ 

CONCOt f/rJ- iv^yn- i-.L.rr’i' - (otced hoi air ekciric «w»w JLLii-3- 

hi-cK-i dry 

LLi£iauAk £j)H£R aLaaiaLBLNii 


COMWNCWT 

/ 1'//! 

USC^Ht 

CTUC 

(wr) (HR) 

- • - 0 ..' 

A C 

. A 0 W C R 


0 c 

R 0 H E R 

© 

REAR 

(MATTS) 

© 

AVERAGE 

(MATTS) 

DEI^D 

(MATT-HR/ 

3)Vi 

REAR 

(MATTS) 

rs- 

— f5fj 

® DCMARO 

AVFftAfiF (WATT-HR/ 

AVERAGE 

(«ATTS) (p*© 

Koj;. . 


_ J 7_ 




• 


... 


ISO . 





« 















ko 




• * 




• 

• 



J12A. 

» 

• 


MXIMUM 


. 

T0T^4. 

MAXIMUM 

' . lOTAl 


laiaaak aiftaiaLaiaii 



i 

i 

t 


l 

3 

f 

J 

I 


• 

SOWCE 

T\l»Mp 

Waiir. heal 

lATENT 

(OTU/HR) 

0 

0 • 

SENSItlE 

'""Ti 

IZOO 

Fan .. . _ 

.0. 


j/ltior .. .... 

0__ _ 


J/cfdcr. 

_0. 

. _933_. 

Jldtii.o,.r I dry'll. 

_ 3/S' . 

6-3I«) 

\ 

TOTAL 

« 

73.?-(2>;g) 

MAH (RTU/HR) 

• 

MATT (RTU/HR) 


HIAT ICAK 

{mm) 

6? 

f^OO 
2. 


uatt UTu/m) 



i 

! 

i 


■ ^ . 

*.v 






1 



sowa. 


aaiaaiioiAL aLaaLiiia 

IMTICAK ™'"^10C001ANT «'«««^ 

(nu/m/cvat) (iiu/w/cvcu) (rk Mm/CYcic) 


Kicm 

(ll/MISSION) 



« 


T0IM. 


“flERPctcTt 

(nu/HR/cmt) 


MTTSACVCIC 

(ini/M/cvat) 


M/MISSION 

(U/MUSiDN) 


C2-85 


to COCK.ANT 
(•tU/HA) 

. 0 

a 

-it-5 

... G 

Jl^JL 



mn ivom) 


voiimc 

(n’/HiisiOK) 


T?Sissi5P 

|ri»/iisssiON) 



D2 'II8I36I ’4 




APHIMICC CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCIUOEO) 

CONCEPT //r/ i.jfl irY 4 or cc >). nof atr i'lccin'r. INDEX number LI. / . 3 

Ke*n+ Ar^j 4 ^ 102 ^ 


£ 1 1 1 £ M I. i 6 H I/V a I, it M E I E a U i R E N E N 1 S 


( 


COMPONENT ,(RCr) 

h r /At ycr 


WICHT 

(16S) 

Jit; 


VOLUME 

(ETT) 


O 


^ M ;/ 


■ Vcivr'p- 


liZjjJL. 


JJ- 


V* 




-E2 


f \ 1.1 ! I, y 


.Di'iJ - 1 /:>'//) '■ 

JJ .aL\L 






JkZ± 


SSSSSS 


TOTAL 


S%<f (iv? ) I I U-S 

tt <its) N» (n>) • 


Ttn 

'D(‘ 4 ot y )' -i / 


ifiLlfi ££££££ *£kl U!/vak £L££iaiNlNTi 

® ® 0 

© W/ONIT (REF) NT/CTCLE Va/UNIT (REF) 

(Ptt.WT/UNIT)(rEF) d)X(|) (PK6.V0l/UNIT)(REF) 

WIT$/CVaE(REF) (L») ^107 (FT*) 

.PcrtUt; 

• LiV. T 


± 




0 

V0L/CTQ.E 

Dif 

■ OC’ 6'^2 


—* i ’ « I— 

E® 


TcfioiTmcr 

. (i») 


total Iff. . 

msnwr’ 


TOTAL VOL . 

nwRiw* 


— Tw:w&r — 

Ul) 


" wa n /Mv 


I 

BWSTmT 


rMISTJ — 


.oobF?. 

■Turtfe-fei' 

(fT>) 


•T 5 ftoi&cVCC^ 

(n>) 

I I 


t I 


l&S/U££i£ £mE£&lkll U££I&LfilRU 

<D ® 


Jh6tS^i4 ittaJsr 




MT.0St0/CVaE(RCr) 

• (ID 

« /g 


KCOVERV 

PACTON 

.-i.72/, 


djJJlSL 



AW^WCll 

®ID 

.^QL2i5„ 


(L 


H 


L<D 




E© 


*nTOI 7 M» 


" TErtTO^Sr ' 

» 0 

C2-86 


(ID k (D 




0?-!l8661*4 





SPACECRAFT Space Station 

Foo« 

HABITABILITY SUBSYSTE M Management H ABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION Dishwasher/Dryer Continatlon 

APPLIANCE CONCEPT NO./TITLE 4/Hot Water Spr^ Wash-Forced Cold Air Desiccant Dr y 
INDEX NO. 1.3. 1.4 rEF. NO. 90 

DESCRIPTION ^ 

In this concept, washing Is accomplished by spraying hot water over the dishes 
In a slowly rotating drum. A fan Is used during washing and rinsing to trans- 
port air and excess water out of the washer. The same fan Is used to circulate 
air through the dishes for drying. The air Is routed through a desiccant bed 
upstream of the dryer to dry the air first; thus, no additional heat 1$ assumed 
necessary. The desiccant Is desorbed using an electrical resistance heater 
sized for a 1 hour desorption time. 
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SPACECRAFT Space Station 


HABITABILITY SUBSYSTEM Management 


HABITABILITY FUNCTION Galley Cleanup 


APPLIANCE FUNCTIO N Dishwasher/Dryer Combination , 

APPLIANCE CONCEPT NO. /TITLE 5 /Hot Water Spray Wash-Forced hot Air Dry-Thermal Storage 

INDEX NO. 1.3. 1.5 REF. NO. 90 


DESCRIPTION 

In this concept, washing Is accomplished by spraying hot water (with an 8 psig 
pump head) over the dishes In a slowly rotating. drum. Drying Is accomplished 
by circulating a flow of air over the dishes. -Washer water Is routed through 
a thermal storage unit which stores heat to be used during ’the drying cycle 
to heat the Inlet air. 









02-118561 -4 


, APPUANCC COHCIPT KEQiJlRtHlNIS WID PtWiTItS CAICDLAIIONS ~ 

COHCtPT /A/ i/-».y iOO'.h - forc.v/ )jrW o/r - IMDtX WUMBtR _ _ 

Uer/na/ C.yon’;V' 'fO IVIJo?) , 

£ t'l £ 1 i i c * k £ fi U £ i S £ fl y 1 B. £ « £ N 1 1 

AC. POWER PC P 0 W t A 

USt^HC 0 0 DCI^JD 0 0 DE^O 

CYCLE PEAK AVERAGE ^crlln'^^ AVERAGE ^CYClEr^ 

COMPONENT (REF) (HR) (MATTS) (MATTS) ©XQ) (MATTS) (MAHS) ©X© 


Jdi.ikr 

'Pmn 



Ifi£E!l£k‘ B£a>ili£il£!lli 

LATENT SENSIBLE HEAT LEAK TO COOLANT 


SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) 



MATT (BTU/HR) MATT (BTU/HR) MATT (BTU/HR) MATT (BTU/HR) 


« 




SOURCE. 


fi£££&ngN&k ££K&kII£i 


THERHAL 

NEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) . 


aECTRlCAL 
(PK MATTS/CYCLE) 


HEIGHT 

(LI/KISSION) 


VOLUME 

(n’/MlSSiON) 





10TAL 


nSSm/CYCLE 

(BTU/HR/CYCLE) 


MATTS/CYCLE 

(BTU/HR/CYCLE) 



*KG/NISSION MY/MISSION 

(LI/MISSION) (ET'/MISSION) 


C2-91 




D2 '118561/4 


AmiANCf CONCEPT REQUIREMENTS ANU PENALTIES CALCULATIONS (CONCLUDED) 

concept //-/ u r’hr ^ua^A - 4cvced }^o{ nij- (-(ty— index number. 


/ 1 




£.iil£ M£i6HT/V0LUME E£.Q!J,lRL!li!lls 


component ,(REF) 

'• i< ' I'^r / rf r y g r- 

- ^ , -1 — 

2. Acr: V l 

1 ' 

Ja.i.a.'l f. fLV z: ■': ) 

~r'h< \ I. aI 

£ad.L.u.., : 

T'> ( V / 1« ^ i £• c ' 1. / c u • •: 

_Jc f V ! 


WEIGHT 

(IBS) 

iiL- 

_iL. 

_LL. 

_L- 


T r* 

6.1 ._ 


VOLUME 

(rT>) 


:S_€tZL_ 


TOTAL 


7fe r/r/) 

KG (LBS) 


IZ.U-X kJ!) 

M» (FT>) ’ ^ 


TYPE 

. (^r\ It 4p 


ii£iEfiiii.E mt/vol iLaEiiifiiEls 


UNITS/CYCLE(REF) 

1 


© 

WT/UNIT (REF) 
(PKG.HT/UNIT)(REF) 
(LB) 

Of^ 


© © 

WT/CYCLE VOL/UNIT (RET) 

®X® (PKG.VOL/UNIT)(REF) 

(lbT (FTJ) 



t 




TOTAL VOl 




1f± 

BATITHlal 


. 0^0 £T2 
"V6rvoL'/evcn 


(FT>) 


' (FT>) 

I , n^Ti 

KG (LB) ' 

1 OH? fo. 3 ) I 

I — w: t 


i&i/kiaiiiE 


TYPE 


T. I 


© 

ANT.U$ED/CYCLE(REF) 

• ( 16 ) 

ISL 




J£. 


U£IN£A£kii 

© 

RECOVERY 
FACTOR 


EiaiUEiaiNii 

AMT.RECOy^O/CYCLE 


ECOVE«0 

4167 


‘i 

lom WL 




3 X 

CyclE/dat 


J2- 


1 .rnn 


s^c 


losT/cycle 


(LBT 


Jl. 


E® 


'sTwr- * 

« © <ii) k (D 


/7. P I 


inwi 


C2-92 






D2 -118561 -4 


' 'i.t, « 




SPACECRAFT Space Station 

HABITABILITY SUBSYSTEM Management HABITABILITY FUNCTION Galley Cleanup 


APPLIANCE FUNCTION Dishwasher/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 6/U1trasonic Wash-Centrifuge Dry 

INDEX NO. l.‘3.1.6 REF. NO. 90 

DESCRIPTION 

This concept is identical to Concept 1 except that ultrasonic cleaning is 
used to clean the dishes instead of a high velocity water spray. No ultrasonic 
energy damping is assumed. Drying is assumed to be accomplished by centrifugal 
force at high speed rotation. The concept is included in the trades since 
conceptual data are available; however, the drying method is unproven and 
doubtful . 
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SPACECRAFT Spico Station 

Food 

HABITABILlTf SUBSYSTEM Management HABITABILITY FUNCTION Galley Cleanup 


APPLIANCE FUNCTION Dishwasher/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 7/U1trasonic Wash-Forced Hot Air Electric Dry 
INDEX NO. 1.3. 1.7 REF. NO. 90 

DESCRIPTION ^ 

Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy 
assumed lost due to damping. Drying is accomplished by a circulating flow of 
air over the dishes which is heated by in electrical heating element. The 
heater also heats the dishes by radiation. Heater size is based on 1 hour 
drying time. 
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SPACECRAFT Space Station 

Foo3 

HABITABILITY SUBSYSTE M Management H ABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION Dishwasher/Dryer Combination ] 

APPLIANCE CONCEPT NO. /TITLE B/Ultrasonic Wash-Forced Cold Dry Air-Desiccant, 

Electrically Desorbed 

INDEX NO. 1.3. 1.8 REF. N0._90 

DESCRIPTION 

Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy 
assumed lost due to damping. Drying is accomplished by air circulated first 
through a desiccant bed where it is dried; thus, no additional heat is assumed 
necessary. The disiccant is desorbed using an electrical heater sized for a 
1 hour desorption time. 
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SPACECRAFT Space Station 

Food 

HABITABILITY SUBSYSTE M Management ^HABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTIO N Dishwashar/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 9/UUrasonic Wash-Foirced Hot Air Dry-Themal Storag e 

INDEX NO. I.I 1.9 _REF. no. 90 

DESCRIPTION 

Ultrasonic cleaning Is used to clean the dishes, with no ultrasonic energy 
assumed lost due to damping. Drying Is acco.npl1shcd by circulating a flow of 
air over the dishes. Washer water Is routed through a thermal storage unit 
which stores heat to be used during the drying cycle to heat the Inlet air. 
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APPLIANCE CONCEPT REOUIRCMENTS ANO PENALTIES CALCULATIONS. (CONCLUDED) 
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SPACCCRAI'T Space Station 

Food 

HABITABILITY SUBSYSTE M Managem ent ^HABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION D ishwasher/Dryer Combination - 

APPLIANCE CONCEPT NO. /TITL E 10/Manual Wash-Manual Wipe Dry 

INDEX NO. 1.3.1.10 REF. NO. 90 

DESCRIPTION ^ 

In this concept, the dishes are sealed in a Teflon bag equipped with a rubber 
glove on both sides. The crewman manually scrubs the dishes by fitting his 
hands into the gloves. When washing is completed, excess water is squeezed 
out of the bag and the dishes are wiped dry with a towel. It is assumed, 
according to Reference 90, that 0.136 kg (0.3 lb) of water is wiped by the 
towel, and that a clothes dryer is available to dry the towel. For this 
purpose, clothes dryer concept 3.3.2. 1 (forced hot air-electric) was assumed. 
Since the clothes dryer penalties were based on removing 0.454 kg (1.0 lb) of 
water, the penalties for that concept were multiplied by 0.3 and added to this 
dishwasher/dryer concept. 
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HABITABILITY SUBSYSTEM ^°°<l Hanagonient 

^ k 

HABITABILITY FUNCTION 1*3 Cleanup 


APPLIANCE FUNCTION 1.3.2 Dishwasher/Dryer with Dishes 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

All the automatic dishwashing data found have been for single integrated 
washer/dryer units. Three washings per day were assumed, with 6.80 kg (15 lbs) 
of water used for washing and 6.80 kg (15 lbs) for rinsing. It is assumed that 
0.14 kg (0.30 lb) of residual water remains on the dishes after washing to be 
removed by the dryer. Washing time and drying time are each assumed to take 
one hour. 

The amount of dishes required by the crew, assuming an automatic dishwasher/ 
dryer is aboard, was computed and included with the washer/dryer penalty. This 
was necessary to compare with the disposable dishes. The packaged weight and 
volume of the dishes were taken from the disposable dishes study (see results 
in Table C2-5). The total dishes/utensils/cups required with the dishwasher 
for a six-man crew is 6.9 kg (15.2 lbs) and 0.023 cu m (0.81 cu ft). 

The four highest rated dishwasher/dryer concepts from the trade studies performed 
for appliance function 1.3.1 were selected to trade with eight of the highest 
rated disposable dishes cases. 
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SPACCCRAFT Space Stat ion 

Foo3 

HABITAHILITY SURSYSTF. M Management IWniTABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION Pi shwashor/Dryer with Dishes 


■f 

i 


.'“PPLIANCE CONCEPT NO. /TITLE 1/Hot Water Spray-Ce'ntrifuge Drying 
INDEX NO. 1.3. 2.1 REF. NO. 90 


DESCRIPTION 

This is the same concept presented in Section I.3.L.I. It is included here 
to compare with the case where no dishwasher/dryer is used and dishes are 
either disposable or hand-wiped clean. 
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SPACr.ClJAl T. _ „?f Ifi. 

IIAIUTAIUl.ITY SDBSYSITM Food Ma nagement HABITAl^ILITY rii:JCT10M_Jal1_^ H i i l lHg— 

APPLIAUCL ril‘'!CT10N_. Disjiv^sher/Pry er with Di shes ! : — 

APPLIAtJCr. COHCFPT NO./TITlE ^/Ho t Water Spray - Forced Hot Air Electric Heat Drying 


INDEX NO. 


1. 3.2.2 


REF. NO. 


DESCRIPTION ■ This is the samp concept presented in Section 1.3. 1.3. It is included 
here to compare vn’th the case where no dishwasher/dryer is used and dishes are 
either disposable or hand-wiped clean. 
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SPACrCRAlT space Sta tio n 

II HAnnAl'.ll IIY SUHSYSrm Managem en t HARITAmi lTY rHilCTION Galley Clea nup 

Am.IANCi: riiN'Cl ion Dl shwa sher/Pryer with Dishes 

Al'PL ! ANCi: CONCIN’T I!0 . /T I TL i: 3/l l ot Wate r Spra y - Forced Air/ De sicc ant/Desorbed Electri ca I ly 

INDfX NO. 1.3 . 2. 3 RPr. NO. ?0 

DCSCP.IPTION : This is the same concept presented in Section 1.3. 1.4. It is included 

here to compare with the case where no dishwasher/dryer is used and dishes are ; 

either disposable or hand-wiped clean. • i 


I 


C2-124 




• # 


D:MI8bCI < 


,, , , , W>l*llANa CONCtPT KEQylPiniNIS AND PCNAtms CALCulXHONS • # 4 « o 

tmt mJIfi >viror • u^asA - ^orc«c/ coM air elgiiccan-t «m>cx number /, 3.7^i 

• rirrTotrAi ftAurn Ar/sninruriiTt 



IktCI?-] 

CA k 

P 0 W t ft 
AC . P 0 W E 

RC^UlfttMtNTS 

R 

DC P 0 W E 

ft 


ttSE^ME 

® 


OEI^'IO 

® 


OCtlANO 


CYCLE 

PEAK 

AVERAGE 

(WATT-MR/ 

PEAK 

AVERAGE 

(WATT-HR/ 

COWOfiCNT 

(REF) (HA) 

(WATTS) 

(WATTS) 

®x@ 

(WATTS) 

(WATTS) 

<i)X (5 


1 • /5~0 


-£hi! a 2j5t 



0 




.s-.fr 

# 






iJ7 




1 




94) 

, 



% 




• 

# 



• 



IIAXIMUM. 

• 

TOTAL 

MAXIMUM 

' . TOTAL 


• 

* SOURCE 

/pss (h^r) 

mi"'," ik’ 

LATENT 

(BTU/Hft) 

• 

0 • 

RCaUlREMENTS 

SENSIILE 

(BTU/HR) 

12.V0 'I 

MEAT LEAK 
(BTU/HR) 

/ZOO ] 

• 

TO COOLANT 
(BTU/HR) 

O 

fU.lr\p 

0 

FA 1 

SS.J 

0 

hAtfior 

• 0 




Fan 

0 

I 

1 

(74?) 

UtdJ-Gr 

0 

3l07 



lA/fticr (e/ry) 

' TOTAL 

375 

33x2.(21 

-3/ S 

J^A3JJ2S.2y 

97 <2>3I} 

♦ 

VATT (BTU/HR) 
% 

WATT (BTU/HR) 

WATT (BTU/HR) 

WATT (BTU/HR) 

• . 1 

f * . 

• • * • . 

• 

• 

— 

• 


/: 



SOUMC. 


tLlhllLLi 

0 

WAT LEAK '*****'to COOLANT HICTAICAL 

(ITU/HR/CVaE) (ITU/HR/CYCLE) (PK WATTS/CVCLE) 


MEICHT 

(LI/KISSION) 



VOLUME 

(FT*/M1SS10N) 






total 

HATtS/CVCEE WA 1 TS/CYCLE 
(•TU/Mt/CTCLE) (ITU/HR/CTCIE) 


Ut/HISSIOV N'/NI»I0M 

(LO/NISSION) (fT>/HISSI0N) 


t2-125 


I ‘■''5 61,; 4 

J WHIANCt CWKtPT MQUiRtKCNTS AND PCNALTUS CALCULATIONi (CONCIUOCD) 

COHCtl»T __yr * r p r .iy (waiA - forcc\/ foM air eJe&/ACafi+ INoe* NuMCtR_ 


liitfi Sli‘£»il/10k!i!ll £ia£i£l?L!lTS 


COHRONCNT 


'* tr. vr n 



OP fOOB QtJAUrt 


£-6.2 ( fp-^) 

K6 <IBS) 


0.7t7 

«* (n>) • 



ifiklfi lltiSfiiikl £!/vSLk £tasii£i!ll.!lll 

^ " <D ”” ® 

irr/UN!T (REF) IfT/CrCLE VOL/UNiT (REF) 

w (PKG.UT/UNIT)(REF) (FICC.V01/UNI1)(R£F) 

«NlTS/Ctttt(REF) (IB) • (IB) (FT>) 


(n>) 

0004// 


(D 

VOI/CYCIE 

.oonKr 


TOTAL WT. . _ 

\ RTitsTW? 

TOTA L VOL . _ 

•nmsroN * t 

timvm 


1 

WVS/MfSiTP" 




w.wi7iTCUr 

(LB) 

» . 000,^2 


'' -TOirmTCYciT" 
' (n») 

UTTt) 

__ L Ait 


O.OCf^fT (0.< 

■ M uvr ' 


t&2/kiSliU0 L!.kiN!>iikIi iUlilELfilHIl 

MT.U$CD/CYCLC(REF) ‘ MCOVERT BHT.MCOV^/CVCLI 


AHT.MCOy^O/CTCLC AHT LO^CVCLE 

(Did) (D-6 


TOTAL WT. , 

■mw 


E® 3P. 

3 t 1 , 

■“IWH7WV — -wvwnwr TBurmT/KraT 

(t 01 


E® 

> • I 


.C2-126 





D'’-U856i-4 


SPACr.CRAI T Space Station . 

llAimABIL ITY SUBSYSrrM Food Ma nageme nt HAniTAniLITY rUHCTlON Galley Clean up 

APPL 1 ANC r. r 1 CT 1 0n_ O ishwasher/Pryer with Dishes 

APPLIAIJCI: COnCl.PT l!0./TITLC 4/Manual Wash - Manual' Wipe Drv 

INDLX NO. ' ^-3.2.4 REir. IJO. 90 

DESCRIPTION : This is the same concept presented in Section 1.3.1.10. It is a 
dishwasher concept which is manually operated by a crev/man. It is included here' 
to compare with the case where no dishwasher/dryer is used and dishes are either 
disposable or hand-wiped clean with wet and dry wipes. 
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SPACECRAFT Space Station 

HABITADILITY SUBSYSTE M Food Monancnion t HABITABILITV FUNCTION Galley Cloamip 

APPLIANCE FUNCTION Dishwasher/Dryer with Dishes 

APPLIANCE CONCEPT NO./TITLE 5 through 12/Disposab1e-Reusab1e Dishes 

index NO. 1.3. 2. 5 through 1.3.2.12 REF. NO. 100. 174. 177. 250. 276 

DESCRIPTION 

A detailed study was made of the food utensils, trays, and cups to determine the 
optimum selection from among a wide variety of possible combinations. The 
possible choices considered in each case are explained in the following paragraphs. 

CUPS 

Disposable nonmetal lie . This is a prefilled collapsible plastic bellows type 
of cup used on Skylab. The cup is disposed of after use. Data for this case 
were taken directly from the Skylab cups (Reference 250). The number of cups 
used was based on the initial Skylab launch value of i610 cups for 420 planned 
man-days . 

Reusable metallic . This method of drinking resembles drinking from a cup with 
a straw as* on Earth. It was tried on Skylab and was found to be quite satis- 
factory if the right size of straw is used. Data for this case we»e taken from 
Reference 276. It was assumed each man had two cups. One wet and one dry wipe 
were assumed to be used for each cup use, with the number of cup uses the same 
as for the disposable noaietallic case. 

UTENSILS - KNIFE/FORK/SPOON 

Disposable metallic . This case was included for comparison purposes, althoug;: 

U resulted in a very high penalty for Space Station. Utensil weight and volume 
for stainless steel utensils, as on Skylab, were taken from Reference 250 and 
177. It was assumed one knife/ fork/spoon set per man for each meal was used, 
with no spares. 

Reusable metallic . The same utensils as in the above case were assumed, witii 
one wet wipe per man pe** meal allowed for cleaning as on Skylab. Since Skylab 
had three extra utensil sets (Reference 250) for a three-mar. c-ew, it was 
assumed one extra set was allowed per man. 

Dispos abl e nonmetallic . Data for this case were taken from References 174 and 
TTTVwitB a 10 percent packaging factor included. One set per man per meal 
was assumed. 

SERVING TRAYS 

Two basic type.s of trays were considered: (1) ordinary dish tvoe and (2) food 

warming trays. It was assumed the dish type of tray would be used with bulk 
food packaging, while the warming trays would be used with individual food cans. 
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APPLIANCE CONCEPT NO./TITL E 5 Lhrou nh IP/ Dispos able -ReusabI e Dis hes (Conti nued) 


SERVI NG TRAYS (Conti nued ) 

For direct comparison, a food packaging penalty was added to the warming trays 
to account for the individual food cans. These penalties were taken from 
Reference 276 for the food mix assumed in this study shown previously for 
the Food Habitabilitv System 2.0. The resulting penalties are shown in 
Table C2-3. 

Reusable heating type. This concept assumed reusable metallic covers for a 
heating tray, with tv/o wet wipes and one dry wipe allowed to clean the cover. 
Data for the covers were from Reference 177, and include a 10 percent packaging 
factor. The food packaging penalty described previously for individual cans 
was added to the total weight and volume for this case. Based on the Skylab 
use of five food trays for a three-man crew (Reference 250), it was assumed 
ten heating tray covers allowed for the Space Station case and six for Shuttle. 

Reusable metal li c dish . Data for the dishes in this case were identical 
(Reference 177T~to the reusable heating tray covers discussed previously, 
except that bulk food is assumed here with no packaging penalty. Again, 
two wet wipes and one dry wipe were assumed to clean the dishes per man. 

Disposable metallic dish . Weight and volume for this type of dish were 
assumed the same as for the two previous cases. One dish per man per meal 
was assumed, with no wipes. Bulk food packaging was assumed; thus, no 
packaging penalty was added. 

Disposable nonmetal lie dish . Data for this case are identical to those for 
the disposable metallic dishes above except for dish weight. Dish weight 
was estimated using the same ratio used previously for metallic and non- 
metallic utensils. 

The data for all the above cases are tabulated in Table C2-4 for the Space 
Station. The best eight combinations were chosen by inspection, as indicated 
in the table, and included in the trades. To compare these cases with a 
dishwasher/dryer concept, a set of reusable utensils/dishes/cups used with 
the washer/dryer was selected from the above cases. The number, weight, and 
volume for these items are shown in Table C2-5. These penalties were added 
onto the basic washer/dryer penalties to provide direct comparison in the 
trades. The four best dishwasher/dryer concepts from appliance function 1.3.1 
were selected for trade with the eight disposable dishes concepts. 
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TABLE C2-3 

PENALTIES ASSOCIATED WITH VARIOUS TYPES OF DISPOSABLE DISHES CONCEPTS 

FOR SPACE STATION SIX-MAN CREW 


DISPOSABLE DISHES - TYPE 

NUMBER 

PACKAGED 

WEIGHT 

kg 

(lb) 

PACKAGED 
VOLUME 
cu m 
(cu ft) 


Disposable Nonmetallic 

4140 

(283.) 



VEHICLE PENALTY 


128. 

2.22 

ritPQ 

Reusable Metallic 

12 

(3.0) 

(.28) 

wU f 5 

Wet Wipes 

4140 

(77.0) 

(1.78) 


Dry Wipes 

4140 

41.1) 

(1.64 


TOTAL 


(121.) 

(3.70) 


VEHICLE PENALTY 


55. 

.105 


Metallic Disposable Utensils 

3240 

(806.) 



VEHICLE PENALTY 



mm 

KNIVES/ 

rnni/c / 

Metallic Reusable Utensils 

12 


Hi 


Wet Wipes 

3240 




TOTAL 





VEHICLE PENALTY 



■HI 


Disposable Nonmetallic Utensils 

3240 




VEHICLE PENALTY 



mm 


Reusable Heating-Type Tray Covers 

10 

(9.3) 

(.42) 


Wet Wipes 

6480 

(120.6) 

(2.78) 


Dry Wipes 

3240 

(32.2) 

(1.29) 


Food Packaging Penalty 


(562.) 

(52.7 


tTOl 


(724.) 

(57.2) 


VEHICLE PENALTY 


328. 

1.62 


Reusable Metallic Dish-Type Tray 

i 

10 

(9.3) 

(.42) 


Wet Wipes 

6480 

(120.6) 

(2.78) 

1 r\M 1 0 

Dry Wipes 

3240 

(32.2) 

1.29 


TOTAL 

1 

(162.) 

(4.49) 


VEHICLE PENALTY 


73. 

.127 


Disposable Metallic Dish-Type Tray 

3240 


(136.) 


VEHICLE PENALTY 



3.85 


Disposable Nonmetallic Dish-Type Tray 

3240 

(240.) 

(136.) 


VEHICLE PENALTY 


109. 

3.85 
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*These concepts were not pursued further due to large penalties. 
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HA15 IT Ab 1 L IT Y SU I;"; Y ST 0 1 L-iL, 

APPLiANCF ru'xiioils co!j‘:iD[:i!f:n 


2.1.1 

Fecal Collection/Transfer 

2.1.2 

Urine Collection/Transfer 

' 2.1.3 

Vomitus Collection/Transfer 

2.2.1 

Whole Body Shov/er 

2.2.2 

Partial Body Washing 

2.2.3 

Partial Body Drying 

2.3.1 

Shaving 

2.3.2 

Hair Cutting 

2.3.3 

Nail Care 

2.3.4 

Dental 


I 

i 

r 

I DESCRIPTION 

The personal hygiene habitability subsystem provides for waste collection/ 
transfer, body cleansing, and personal grooming. The concepts selected for 
trade included consideration of the zero-gravity effect on liquid flow and 
containment, the elimination and/or control of contamination which is easily 
spread in a zero-gravity environment, and the disposal of waste products 
within the spacecraft in the absense of the normal terrestrial sewers/septic 
tanks. These requirements must be satisfied with maximum safety and minimum 
( weight, volume, and use of consumables. Waste collection appliance functions 

accommodate all of the bodily waste functions. Both partial and v/hole body 
washing techniques were considered during the study. The remaining personal 
hygiene appliance functions presented are for such crewman functions as 
shaving and hair cutting. The appliance concepts were evaluated to be 
functionally adequate and acceptable to the crewmembers from both physio- 
logical and psychological aspects prior to including them as viable concepts. 

The fecal and urine collection/transfer appliance functions were considered 

; separately for the purposes of trade studies. The two functions would most 

probably be combined for a space vehicle because of the attendant reduction 
in weight, volume, power, and thermal. 
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HABITADI L ITY SUBSYSTOi 2.0 Personal Hygionc 

ilABITABIL ITY FUNCTION 2.1 VJ ast.o Collecti on/ Tran sfor 

APPLIANCF FUNCTION CoHection/Transfer 

NUMBER OF CONCEPTS CONSIDERE D 9 

ASSUMPTIONS 

(1) The fecal collection/transfer concepts consider wet, dry, chemical, 
decomposition, and incineration methods for disposing of fecal waste. 

(2) The study assumed one defecation per day per man. The concept use time 
required per defecation is dependent on the concept type. 

(3) Filter weight and volume were included if a high replacement frequency 
is required. Periodic filter replacement was not included in the study. 

(4) Component power requirements were normalized to provide a fair comparison 
of all concepts. The power requirements were not based on the latest 
fecal collector designs. This was done because the various manufacturers 
were in process of a competitive proposal response for the Shuttle waste 
collection system and could not be contacted for additional information. 

(5) Overboard venting was not allowed with the exception of nonfilterable 
gases. Concepts were modified to satisfy this requirement by adding a 
vacuum pump to the concept. 

(6) Fecal collection concepts requiring a day for decomposition of wastes and 
cooldown were allocated at one per crewman. The remaining concepts were 
provisioned at one per vehicle. 
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CONCEpr 
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concept nane 

OPT JOHN 

PRT JC(|IJ-AN*L *aSh 
cennic me 

lNfC(,N*TC0 VACl'yP OECOHPOSl TtON 
ELUSH TLOtt 0*Y&SN IWCIHCPaTiON 
PTPOLTSIS/OaTCm incineration 
NET OXIDIZATION 

SEMIAUTOMATIC BaO STSTCM CSkYlaBI 
ORY bags (APOlLOI 


CONCEPT NUMBER 


Fecal Collection/Transfer (Space Station) 
Concept Trade 
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APPLIANCE CjNCETT COMPONENf SUMMARY MATRIX 



SEMIAUTOfUVTIC BAS SYSTEM (SKYIAB) 

O KO A-JAl wash 
DRY BASS 
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SPACCCRAfT Spa c e Stati on 

HABITABILITY SUCSYSTHl Personal Hygiene HABITARILITY FUNCTION 
APPLIANCE FUNCTION Fecal Collection/Transfor 


Waste Collection/ 
Transfer 


APPLIANCE CONCEPT NO. /TITLE 1/Dry John 

INDEX NO. 2. 1. 1.1 RtF. NO. 207,209,250, & 273 

DESCRIPTJ0!J John commode assembly serves as a v/aste collector and 

feces stora'ge7^'ocessTng~uliTT.'‘TITb~s^^^ similar to the^’terresTFi'al ^ type 
with modifications necessary for zero-gravity usage. The feces are transferred 
to IFfe s C6rago/prdccssfng''‘sectid’n rcoTTecTor) vTa the fecal transfer duct. 

The focal transfer duct contains provisions for entrainment airflow for 
TFpaTafrhg'ahd'movfhg'ThrTCdoTTrolOh'^'aTiusniFT^^ cbll^for. Air posi tidning 
jets shown on the schematic are used to assist the user in positioning properly 
TYrTthe' 's e at T FhTs ' pd f fTdrT of" the"~sys"Eenn7a fToF cdhf fde r e d part~ )Tl:he 
appliance, since recent tests have shown the jets are not necessary. The 
Tnte Ff a ce~b'etweerrrhd transfFFd'uct and"” fh'cPfeces collector is tfie* col lector 
valve. The valve is manually actuated and seals the collector after use to 
permit vacuum drying df~tKe Teces. A” sunge'r is i ncorporated to maxi mi ze the 
feces and wipes area exposed to vacuum by depositing the feces and wipes on the 
wall of the cdTTector. "Erifrai'iimenf ai'r ancf aTr remov'ed'by the' vacuunrpuiiip’ are"’ 
passed through filters and returned to the cabin. The schematic does not show 
a vacuum'ifuiilp; h'owever,'Tne' vacuu'in pump'Tvas acTdecT to The appl i ahce'‘cdhcept“^d~' 
satisfy the vehicle requirement of no venting external to the spacecraft. 
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AmiANCC CONCCPT RLQUlKLMLfUS AND RPNAHICS CAIXUIATIONS 


INDCX NUMBER .V: A . 
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APPLIANCC CONCIPT KlQUlPfHtNTS AND f'LNALTUS CALCULATIONS (tONCLUDlO) 

COWCCPT IHDtX MUMI!LR_^ LL L 


t ). X r t» u E 1 G _H T/V 0 L y M C R f 5 U I. R £ « L !i T S 


COMPONENT .(REF) 

02ci'J) 






WEIGHT 

(LBS) 

^JL. 


JOS-^ 






VOLUME 

(FT») 








TOTAL 


t4-i,Z (318.1) 


SOLID 


TYPE 


EXPENDABLE 

“ ^ 

WT/UNIT (REF) 
(PKG.WT/UNITHREF) 
(LB) 


KG (LBS) 
W I/V 0 L 


_=25L_OJTiJ 

M» (FT’) 


RE.au!REMENlS 


© 

UNITS/CYCLE(REF) 

3 {2So) 0<t //<)(, (2^'0) 


WT/CYCLE 

CDx(|) 


,O J8Z>. 


® 

VOL/UNIT (REF) 
(PKG.VOL/UNITHREF) 
(FT’) 


© 

VOL/CYCLE 


?F?’f 
-c>q /9.7JL 

772^/70 &5 ^o .fjQPJ.S^^ 





TOTAL kT. 

^miJoT 


TOTA l VOL . 
MISSION 


TVCLES/DAY 

TycWday-- 


OAYS/MISSION 


X /e ^ , 

OAYS/HlSStON 


^^£9. 


TOT. WT/CYCLE 
(LB) 

“Tot .voV/cycle 

(FT’) 


^OTAl VOL/CYCLE 
(FT’) 

I sz^~7F^ 0)\ 

kgTTTb) 

I ^.2¥~QWV~\ 


iiS/kiSKiO ii.P£NOABLES REgUJ. REMENTS 

RECOVERY 


© 

AMT.RECOVIREO/CYCLE 


© 

AKT.USCD/CYCLE(REF) ' 

TYPE , ' (LB) FACTOR (LB 

—.Mil : 


Qx^ 


© 

AMT LOST/CYCLE 
®-( 3 ) 
(l^ 


0 W 

* % ^ 


■) 


s® 


TOTAL WT. 

‘MTssrofT 


-crcimy — 


TJAYWRsior’ VODO'OTtTfYClT 

(2 ® 


£0 


(LB) 


(C © 


TciSlLBr 


C2-147 








1 


SPACCCRAFT Spac e Station 

HABITABILITY SUBSYSTE M Pers on al Hygien e HABITABILITY FUNCTIOH 
APPLIANCE FUNCTION Fecal Coll ec tion/Transfer 


Waste Collection/ 
Transfer 


APPLIANCE CONCEPT NO. /TITLE 2/D ry John with Anal Wash 

INDEX NO. 2. 1.1. 2 REF. NO. 207,209, & 273 

DESCRIPTION Same as Concept 1, Dry John, v/ith the* incorporation of an anal 
wash. The ‘anar'v/ash ancFafr jiY~eTilnilTat'eT”fFe^eed’”for~expWclaI^ 

The addition of the anal wash requires the feces collector duct be rinsed with 
“aTBTocTdeT rhe~ahaT'wash 'and“cdminbde rihsFlIJt'eir^re’'asruliie^ recovered" 

within the efficiencies of the vapor compression distillation unit. 
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AWIANCC CONCLPT RUjUlf'llll.NIS WD PIN/XTltS CALCUlATIOMi 
COWCCPT 2/i‘i<‘',"Jrht/J//}^//fL INDtX NUMBCR 
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SPACCCkAl'T Space Station 


SUBSYSl r.ri Poi^^o nal Hy giene HABITACILITY FUriCTlON' 
Fecal Collection/Transfor 


MABlTAi’,U.rrY 

APPLiAficn Fu:;cTio:i 

APPLiAiJCi: co:;ccPT no./titif, 

2. 1.1.3 


Waste Collection/ 
Transfer 


3/Liquid Germicide 


iNDFx no. 


RFF. no. 100,207,209,244,250, & 273 


DESCRIPTION' The liquid germicide commode assembly incorporates a strong biocidal 
agent throuijfiout'lhe' exc’rera“lo'kill‘lfi(Tiriicroorganif,i.'r|)o|)uTa‘t‘foiraiicr iiia'fiitaTn 
sterility in storage. The waste collector is provided with a blender and gernii- 
"TldFl^ietcri iTg~L~qTn p:r,en'tT^h’e'bl^dcr~’i s'used' tcT^ tRorougini’ii xTn^of~ tlie 

wastes and germicide. The collector gate valve- is open only during waste 
*T6iT'e'c’tib’nV' Wheti th'e' contarner'is' full tahT;“is sealecli^ removed to's'forage , 
and replaced with an empty tank. The waste collectors are sized for replace- 
“mehT eVory’~B0~’days .* Sbinc'" TTquTcTTs” recbveredT’separatedT’ah TeTufncd~rd The 
water waste management system. Air entrajnment of the feces as previously 
TSe'sTn bc'd“Tn~ Con'ce'pt' T,~ TTTtTTTTecI' wi Ih'The'ai r~rTt'uriTeci Thfd'iJ^~nTTers'~rd 
the cabin. The collector when transferred to storage will weigh 332 pounds. 
‘1Te't“aWiTrynr/rpes“arenisTrd ToT^thTS'ToncepT'ahd”areTiS^S’Di7i(rdTo beHepo^tted — 
into the collector. The concept v/as not given credit for liquid recovery, since 
“thirnra Jori ty t)fT:hG T d~irr the~coll ectori 
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SPACCCRAIl Sp«ice Station _ 

Waste Collection/ 

HABITABILITY SUBSYSTTM Por sonu l Hygiene HABITABILITY FUNCTION Transfer 

APPLIANCE FUN CT I ON Fecal Collect ion /Transfcr 

APPLIANCE CONCEPT NO. /TITLE 4/Integrated Vacuum Decomposition 


INDEX NO. P.1.1.4 


REF. NO. 100,250, & Skylab data 


DESCRIPTION Th e inte grated vacuum deco mpos ition concept utili zes vac uum and 

high temperature to decompose the waste materials into gaseous products which 
can be exhausted to vacuum. The chamb er r equire s coo ldown an d mu st be vacuu;;;ed 
at the'end of the cooldown period. The process does not require oxygen; hov7- 
ewer, r equires power to sustain the ch emi cal process for 12 h ours. S ix comm odes 
were assumed to be required clue~^to the 12-hou'- cooldown 'tfmie'(T.e. , one unft 
c an b e uscd_once_per_ day) , Inci nerable c ollection b ans vn th a _hy^9Phobi c patch 
TSkylab type utilizedy were used to eliminate tlie maihtehahee and iii i c rob" foT o'g’ T - 

cal p roblem s of fi Iter renlacemenx . s i nee cloggi ng i s not a nticipated with 

collection bags which are replaced every 24 hours, fhe residual ash was not 
co nsidered a s a concept penalt y. Ai r e ntr ainment o f the feces , as pre vious l y 
described In Concept 1, is utilized with the air return^ througlirffTters to 
the cabi n . We t and d ry wip es are u s ed for this concept and are assumed to be 
deposited into the collector. 
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SPACtCRAFT Space Staji or. _ ^ , 

Waste Collection/ 

HABITABILITY SilBSYSTCM Persona l Hy giene nAli I TAB I L ITY F UNCT ’ ON Transf rr 

APPL I Alice FUMCT I ON F eca l Collcction/Transfe r 

APPLIANCr CONCCPT NO. /TITLE S/H us h Flow Oxygen Incineration 

INDEX NO . 2 . 1 . 1 . 5 _REF. NO. lOOt^SO, & Skylab data 

DESCRIPTION The iltish flow oxygen iodneration uti-lizes a_contj^riuous_oxyge.i 

flow to the“coTloction diaiiiber tor tlie '12 Hours reqirirbcj for Tncii'cratibn. 

The v/astes are collected hy S'r.c process of a ir e ntrainnent used o n the 
“devious concepts, Veal e'd in "tHe cTTanib'er ’('no vent’to' vacuuTTT, Heat is apprTecT 

for a specified time period. The r^sul tjng^sterili^ec/vaporized g^^an^ 

vapors are ex"Kauste'J to spaeVi^ THe valve is left open ancf^heaT is applied” 

to bring the incine ration tempo ra tj^re j^o 1000 °F , v/ hi le i controlled flo w 

"Oxygen is~continuous'T:/ suppTied‘'LO fh'e cTiamFer .' The'l'nci neraTTon process 
taxes approximately 12 hours_with 97 to 99 per cent reduction in r'oogss waste. 
lweTve~lidufs are "allowed ."or cooTdbwn "which requires one coi’imbtle per iricih. Tlie 
collection bags described in Concept 4 are also used fortnis concept. Wet 
“Tn(fdry~vfperTire“'u's"di.'T(yr“"thlTX0hdcirt~a'trd”arsrT[S5UiTied to be dcrroslted'lnto" 
the collector. 
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SPACCCRAfT Space Station 

’ . Waste Collection/ 

HABITABILITY SUDSYSTLM Personal Hygiene H ABITABILITY FUNCTION Transfer 

^/PPLIANCE FUNCTION Fecal Colle c tion/Transfer 

APPLIANCE CONCEPT NO. /TITLE 6/Pyrolysis/Batch Incineration 

INDEX NO. 2.1.1.6 REF. NO. 100,250, & Sk.ylab data 


DESCR I PT I ON The pyroly sis/batch in cineration concept utilizes a three-step 

proc^'ss to iiiiniini::e oxyyen consuiiiables. The wastes are heated to and 

held at this t erinerat u re for 30 lainutes to ensure sterilization. The vent valve 
is then opened and the v/ater is flashed to space' as a vapor. The chair, her is 
then heated to 1200°F, with the vacuum valve remainin n open, and the wastes are 
pyrolytical ly decomposed (vacuum decomposition) and the gases are vented to 

.pace. At the end of the ovrol vsis process, the vent va l ve is closed, the 

chamber is charged with oxygon, and several batch incinerations are performed. 
The batch incineration step reduces the ash residue from 12 to 2 percent of t e_ 
total wastes processed. After final venting to space, the chamber cooldown takes 
12 hours. The pyrol vsis/batch incineration process is identical to the schematic 
shown for Concept 5. Ihe pyrolysis/batch incineration takes 12 hours. The 

collection Laos described in C o ncept 4 are also used for this concept. V.'et 

and dry wipes are used for this concept and are assumed to be deposited into 
the collector. 
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SPACECRAI T Spac e Station 

HABI TABI 1. 1 T Y SUBSYSTE M Porson al Ily gionG 


Waste Collection/ 
HABITABILITY TUHCTION Transfer 


APPL I ABC E FUN CT I ON Focal Co lle ction/Transfe r 

APPLIANCE CONCEPT NO. /TITLE 7 /Wot Oxi flat ion 


INDEX NO. P.1.1.7 REF. NO. 100,250. Skyla h data, 247 

DESCRIPT I C!< The wot oxidation c once pt i s a modorat o to n^p Ardtu ro . hinh nressuro 
catalytic process. The system employs an insulated chamber similar to the incin- 
0 rat ion a n fl_fl ? c oiiTtOSjJ. i on concop Waste tro a fr o nt is accor.' nlish '^d hv charninn 
the cftaii'bor with 500 psia oxygon at ambient torporature and applying heat to 
bring the c harh or un to oxid ation toispora lur e. The final prossiiro an d torpora- 
ture are approximately 1750 psia and 550^F. the advantage of the wot oxidation 

process i s the productio n of wat er w hich c a n ho processe d a nd reused in the 

spacecraft. The system requires a high pressure oxygen source, assumed in this 
study as a c ompress or. A stirrer w o iild enh anc e the wet oxidation prcc e ss, hut 
was not considered in the study due to lack of engineering data. Based on tv;o 
data sourc e s, the pro c ess was assu r ed to t ake 12 hours , most of which is cool- 
dov/n time TtO'i to 6 hours). The collection bags described in Concept 4 are 
also u se d for this c on cept. W et and dry wipes are used for this concept and are 
assume^to be deposited intoTlTe collector. 
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SPACECRAFT Space Station 
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Waste Collection/ 


HABITABILITY SUBSYSIF:' P^^rsonal MyriirruMIABITABILITY FUNCTION Tra ns for 


APPL I ANC C FUN CT I ON F ocal Collo ct io n/Transf or 

APPLIANCL CONCEPT NO./TITLE O/Somiautoroti c Bag Systoia (SLylab ) 

INDEX NO. 2. 1.1. 8 REF. NO. Skylab data, ?83, 2 5 0. 100 

DESCRIPTION _TIto_ sopn'autor'a tic ban concept consists of a wall inountf'd fo cal 

collector unit' using a collectio.i boo, with air entrai n;- ;;nt oT the leces. The 
feca l colln rlnr consis ts of a f eca l collect if n-i r p cont arlo, a isosh li n r-r. and 
hinged seat. Ihc tnrajed soul provides access to 'Lhe ii;esii liner to iierii.it 
manual i nstal 1 a ti on o f a fec al ban. The sea t is con to ured a nd contains a irflo'. j 
holes to’aiiow cabin air to bo dr.'.v/n into the fecal bag as a ivity substitute 

airflow. The seat uoon closure nrovids s an i nteora l seal l^etv.'osM) the focal 

Bag and the 1 'ecaT^col 1 ecii on reccptacie and bc't'.,'i..-en tne seat and the user. A 
blower unit is utili.^od to pro vide f ccos ontraini”ent into th e feca l ban. Cabin 
alr~ir'^dfa\^~i nto *hc fecal bag and is exnaustecl tlirougii tlie collection bag's 
vapor port, throucii yttie i-’.esh liner and into the fecal c ollectio n re cept scle. 

The cabin air is then passed on to'lne fecal 'cdfiector fiTtcr'and bio'ver unit 

and returned to the cabin. The fe cal ban is i~'‘nu all y reiiioved from th'^ fecal 

col Tec tor" a f tTc f~c a cii dciccation and replaced ii 'ledi atoly v/iih a new bag. The 

fecal ban w[th_its contents is then vacn uis d)'itd i n a w aste pr ocesso r to 

faciTitald dn-otbft storage, life waste processor is a separate "umc and is 
included as a pa r t of this concept . ; 
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SPACECRAFT Space Station 


Waste Collection/ 

HABITARILITY SUfiSYST EM Person j 1 H y q iene ^ lABITABILITY FUfiCTI ON Trans f or 


/PPLIAHCE FUNCTION Fecal Coll e clion/TrnnsFfr 

APPLIANCE CONCEPT NO. /TITLE 9/Dr .y Bags (Apoll ) 

Apollo d'.vqs: V36-C-niOCy ,V3o-GQ139C, 

INDEX NO. 2.1. 1.9 REF. NO. V36-noi ?67 .V3r)-60139. 3.V3A-7R78 19 , 

o'nd V36-/C7oO!? 

DESCRIPTION Th e dry bag rnncppt con'^jq t s of ba n v/h irfi is t arod to t he huttocks 
of the crov.'iiian . Ihe collection syslem is ipanual and requires a large an'ouni or 
prey/ ti re por riofecation. The u ni t_is_c r^na el 1y folded f or storage and e a ch u ni t 
contains tiiocide and tissues. The bay is unfolded, taped to the buttocl;s, the 
b otus is separa ted us i ng th e bu i ]J. - i n finger , a n d the tissue s are denos i ted inf o 
the bag. the bay is closed, sealed and the biocide is kneeded into the feces 
for qornic id e control. The col lecti on bans _a re _d e posi t ed into a 1 argo b a e wh ich 
has a capacity for 16 feces collect’^in bays, flte dry bays wore used on*7\poTlo 
and were provided as a backup for Skylab. 
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JIAIUI ;il. ITY lUNCl ION _ Wets. U' Coll ('Cf.iori/T»Mnt,f(.T 

API! I A:;c: i r i jncT I c:j t i cm i/T ro ns f c r 

NUMiJiiu or co:;c.ms coo'siornrD 5 


ASSUMPTIONS 

(1) The uriiip col ieclir'^/trorisfcr concepts, consider air ontraintnent and 
intimti* m.''le adapter methods of collectir.g urine. 

(2) The study assumed a total of 42 urinations per day (seven per day per 
man). The concept use time required per urination is depende it on the 
concept type. 

(3) Filter weiqht and volure were included if a hiejh repl acei’rnt .’rcquency 
is required. Poriodiv. filter repl.iceirent was not included in the study. 

(4) Coaiponent power requircisc'iits t.'ore normalized to provide a fair comparison 
of all concepts. The pov/cr requi t cm ents wer;; not based oi; the latest 
urine collector desifjns. This was dune because tlio various ruanufacturt.-rs 
were in process of a coi::petitive proposal response for the Shuttle waste 
collection system and could not he contacted fvir additioiiil infoiT'Otion. 

(5) In the case of Space Station, the urine and rinse water was assur./ed to 
be collected and processed tlirou'jli a vapor compression cMstillation unit. 
Urine recovery was based on 24.8 gruiis of solids per 1000 <jra.:s of urine. 

The solids ware tften ratioed liy the an.ount of flush water us.d. The 
rcco.'cry factor used was 98. IS percent. The Shuttle concepts viore considered 
to be duii.ped overboard or collected, but no water processing WuS applied. 

(6) The urine collection devices wore allocated one per vehicle 

(7) The urine collection devices considered are adaptable to pen only; however, 
when co:.:bincd with a focal collector, soi.ie of the devices can be adapted 

to females. 
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SPAcrcimi r spo • .<ij> t .hj on_ 

IIAIUTADIU rv Pon-onal 


Waste Collection/ 

llyoiene HABITAI’.IUTY lUIlCTlON Transfer 


APPl.lANCi: rUuCllOn Urino Collect ion/: rnnstcr 


APPL /\IICL COIJCLI'T KO./TiTl.E 1/Stnnciup Urinal 

INUnx NO. 2. 1.2 .1 REF. RQ. 209, 273, 207 


DESCRIPTION 

The st.indup urinal concept consists of a collector utilizing air entrainment 
for collection and transport of the urine and centrifugal separation of the 
air/urine. The cabin air used for entrainment -is filtered and recirculated 
back into the cabin. The unit is mounted on the wall of the spacecraft. The 
unit is activated by opening the cover. After use, the cover is closed;a fixed 
quantity of flusli water is used to flush the urinal. The unit automatically 
shuts down after the flush is completed. The total operating time v/as assumed 
to be one minute using 45 seconds as an average urination time. The flush 
water assumed used per cycle was 0.8 pound and was heated to 90®F. A pre- 
treatment chemical was added to the flush water. 
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SPACrCPsAlT . r aco St,it.jpn ’ •• Waste Collection/ 
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Ai’iM. 1 a: i; ( o'ic li-t i;o . / r ni. l_ P.Pi'.i5ii IJ 

J07^?Q?^_2Z3, 

ocscinmoij 

The coimiode urinal concept consists of a urine collector, centrifugal separator, 
and flush unit. This unit would be used where combined feces and urine col- 
lectors are defined. The unit uses a flush as. described in Concept 1; however, 
0.33 pound per flush was used because of the smaller surface area requiring 
biocide treatment. Air entrainment is employed coupled with a properly directed 
urine stream. The operating time is the same as specified for Concept 1. 

Cabin air used for urine entrainment is filtered and returned to the cabin. 
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HAHlTADlLlfY SU15SYSTI.M I'ersonal HyMione HABllABlLll Y lUIJCTlOIJ Transfer 


API'LlABCi: rUNClIOtl 


Urine Col led ion/Transfcr 


Am .AUCi: C0I1 CI.pt NO./TITLC 3/I ntiiiiate Male Adapte r 

INDEX NO. 2. 1.2. 3 rEF. NO. 283, 250 


DESCRIPTION 

The intimate male adapter concept consists of a ..allriiiounted unit similar to 
the unit used for the Skylob fecal /urine collector system. The adapter can 
be used when seated or in a standing position. . Air entrainment is used to 
provide a substitute for gravity collection. The cabin air used for entrain- 
ment is filtered and recirculated back into the cabin. One wipe per cycle 
was assumed to be used because of splashback during urination. The flushing 
and operating time are the same as for Concepts! and 2. The flusn water 
used was assumed to be 0.33 pound per flush. The second aperture unit pictured 
below uses an iris-type seal for the penis to prevent cabin contamination. 

The unit is designed to minimize spashback using a splash retarder. This 
unit operates the .same as the Skylab unit. 
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Waste Collection/ 
llAinTAniLlTY rUKCTI0:i Tr.msfer 


!aPPL 1 AIICi: ri)!;CTI0n urine C ol lecti on /T ransfcr 

■APPLlAtXi: CO.'.'CCPT nO./THir. VApertu ro Urinal 


INDCX no. ’ 2 . 1 . 2. 4 


REF. NO. 236. 273, 209, ??07 


DESCRIPTION . ' • 

The aperture urinal concept consists of an aperture and centrifugal separator. 
Urine is collected as described in the previous concepts. The study assumed 
0.33 pound of flush water per cycle. The operating time is the same as 
Concepts 1 through 3. 
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Wasto Collection/ 

IIAlUTAinUTY SUliSYSILIl Pcrr. o ri.il H ygioiic HAniTAniLlTY I UNCTION Transfer 

APPL 1 Alice rUNCT ION Urine C olloc tion /Tran sfcr 

APPLIANCi: CONCrPT NO. /TITLE S/Liguid/Gas flow Cuff-Type (Apollo) 


INDEX NO. 2. 1.2. 5 


REF. NO. Rocb/oll Dvvg. SEB14000010-303 


DESCRIPTION • , 

The liquid/gas flow cuff-type concept is the'system used on Apollo. A cuff 
is utilized which fits snuggly to the penis. Urine transfer was accommodated 
on Apollo using a vacuum; however, a centrifugal separator could also be 
utilized. The concept presented assumes vacuum transfer since the intimate 
male adapter (Concept 3) is similar and uses air entrainment. The operating 
time was assumed to be 1.75 minute using a 45 second urination time. Filter 
change v/as considered for this concept due to the frequent changeout required 
(one per 14.3 man-days). 
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HABITABILITY SUBSYSTEM Personal Hynieric 


HABITABILITY I UNCTION 2.1 Waste Collection/Transfer 


APPLIANCE FUN'CTION 2.1.3 Voniitus Collection/Transfer 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

(1) The voinitus collection/transfer concept considered portable and fixed 
methods. The collection devices used in conjunction with the fecal 
collector or waste disposal unit were considered fixed. The fixed method 
is not the most ideal since a sick crewman may not alv/ays be able to 
reach the collection device prior to vomiting. Fixed methods, however, 
were considered fo** the purpose of comparison. 

(2) The study assumed .84 cycles per day for Space Station and .56 cycles 
per day for Shuttle. The concept use time required per cycle is depcnden 
on the concept type. 

(3) Filter weight and volume were included if a high replacement frequency 
is required. Periodic filter replacement was not included in the study. 

(4) Flush water, if required, for a vomitus collection concept was assumed 
not recoverable since the used flush wateV- would normally be dumped into 
the fecal collector. 
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SPACCCRAFT Sp ace Station 

^ . Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hymone H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Voin i tus Col l ection/Tran sf er 

APPLIANCE CONCEPT NO. /TITLE 1/Intimate Personal Adap ter Disposable (mates with 

~ coTi'iiTiode ) 

INDEX NO. 2. 1.3.1 REF. NQ. 209,185,187,236, & 207 

DESCRIPTION The intimate personal di sposable adapter concept is made of 
lightweight plastic or paper and is shaped to interlace wri'ti the fe'cFjT^bTleCtlon 
tube of a commode. The adapter blocks the ai r transport inlet ports. Holes 
in the top of the unit provide the air inlet f or“min Liis”eTTrrarniiient . Flie top' 

of the unit is formed to a crewman's face aff -ting a seal over the nose, around 
the mouth, and under the chin. All vomitus r . ;.enal is expelled directly into 
.the feces collection unit. After use, the adapter is removed and processed in 
the feces collector. A dispenser for storage of clean vomitus adapters is 
located near the feces collector. 
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SPACECnAFT Space S t ation 

HABITADILITY SUBSYSTEM Personal Hygiene 


Waste Collection/ 
HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Voniitus Collection/Transfer 

APPLIANCE CONCEPT NO. /TITLE 2/Intimato Personal Adopter, Lined, Reusable (mat es 

wi th coinniod^ 

INDEX NO. P.1.3.2 REF. NO. 1B7,?50, A 207 

DESCR I PT I ON The lined intii'^nto personal reusable ad-'Pter concept is fabricated 
of metal with provision for attachment of a plastic or paper liner on the inside 
surface. The ad apt er is shaped to Interf ac e with the feces collector transfer tube . 
The liner and adapter are provided with holes to allow cabin air into the adapter 
for vomitus entraini'. ent. The liner is deposited into the feces collector after 
usage, the adapter is cleaned to maintain hygienic acceptaoi lity and stored 
near the feces colle ctor. One biocide wine and one dry wipe were assumed to be 
adequate "to clean the reusable liner. Skylab wipe data were used to determine 
the wipes penalty. The reusable adapter is identical to the Concept 1 config- 
uration. 
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SPACECRAFT Space Station 


Waste Conection/ 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Vomitus CoHection/Transfer 

APPLIANCE CONCEPT NO. /TITLE 3/Portab1e Disposable Collector (airline type) 

INDEX NO. 2. 1.3.3 REF. NQ. 187,207,250, & 209 

DESCR I PT I ON The portable disposable collector Is a linht flexible ban with a 
drawstring closure device. Ihe bag is used on all airlines and is made of 
thin gage plastic. The crev/nan can store the bag in a clothes pocket where it 
will be ready tor use at any time. The bag is unfolded and grasped near the 
OpCtiiii>i i)v l)Ol!i iifim.is and held tnidinst the face enclosinci the nose ana' iiiouth. 
Proper placement of the bag against the face provides the seal. The bag is 
sealed after use by tying a knot in the closure cord and discarding the bag and 
contents into the feces collector. 
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SPACECRAFT Space Station 

4*- Waste Collection/ 

HABITABILITY SUBSYSTE M Personal Mygiono H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Voniitus Collcction/Trannfor 

APPLIANCE CONCEPT NO. /TITLE 4/Reusoble Portable Collector 

INDEX NO. ?. 1.3.4 REF. NO. ?07 

DESCRIPTION 

The reusable portable collector is constructed of a lightweight metal (aluminum 
for study) canister type collector with a orovision to draw cabin air through 
it during vomitus expulsion. The resulting entrainment will prevent cabin 
contamination. The vacuum provision makes scaling at the face less critical 
than other concepts. A sealing cover prevents spillage. The collector Cc»n 
be used at any vacuum source in the spacecraft. The collector is washed out 
in a feces collection com”,iCde or other suitable debris trap by connecting a 
flexible flush hose to the collector. 
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HAB n An ] L 1 T Y SU BSYST CII 2.0 Porsonol Hygicno ^ 

IIABi lACILITY FUIJCTIO:^^ 2.2 Body Cleans ing 

APPLIAKCi; FUKCTIO:; Body Sliowcr 

NUMBER or CONCEPTS CONSIDERED 4 

ASSUMPTIONS 

(1) Whole body shower concepts enclose the entire body to accomplish whole 
body cleansing. The showers arc similar to terrestrial type; however, 
water usage is much lower. 

(2) The shower frequency used is one shower per man per day (Ref. 127 and 
273). The use time for one shower is 15 minutes (Ref. 127). 

(3) Towels used for drying after showering, if required, are discarded after 
60 drying cycles. 

(4) Washcr/dryer penalty was based on washer Concept 7, Water Spray Agitation, 
and dryer Concept 1, Forced Hot Air-Electric Dryer. 

(5) Water used for Space Station body cleansing was assumed to be recycled 
minus the water loss associated with suspended solids. Shuttle water 
used is not recycled. 
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SPACECRAfT Space Station 


HABITABILITY SUBSYSTEM Personal Hypiono H ABITABILITY FUNCTION Pody Clcuiisint) 

APPLIANCE FUNCTION I'holo Body Shower 

1 „ . 

APPLIANCE CONCEPT NO. /TITLE 1/Vacuur.i Pickup 

INDEX NO. 2.2. 1.1 REF. NO. 127 ,278,R73 .?36 ,?09 , R 129 


INDEX N0._ 
DESCRIPTION 


The vacuum pickup conceot is a shower stall, which includes a transparent door, 
and is sufficient in size to allow adequate inoven.ent of the crewman during 
showering and stall cleanup. Water is retrieved by a vacuum pickup system and 
pumped to the water waste manageiiient system. The pickup system allows the 
crewman to collect water from free air and the stall wall, floor, and door. 

The shower includes a water distribution system which insures proper cleaning 
with minimum water usage. A fan is used to circulate air to the shower with 
a cabin air bleed for carbon dioxide control v/ithin the stall. The circulated 
air is heated to provide a comfortable shower environment. The crev/man uses 
terry towels for drying after showering. The terry tov/els used for the study 
are 16 x 24 inches and are assumed to contain one pint of water after drying 
(278). This concept has been brought to the prototype stage and is scheduled 
to hr* tested at NASA JSC. 
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SPACECMFT Sp.Ko Station 

4 i 

^ ' HABITABILITY SUBSYSTE M Pcrcon.tl Hynione H ABITABILITY FUNCTION Body C l o.msln.i 

APPLIANCE FUNCTION Whole Body Showo r 

APPLIANCE CONCEPT NO./TITLE 2/Air Drnn 

INDEX NO. 2. 2. 1.2 REF. NO. 278. 127 

DESCRIPTION 

The air drag concept is the same as Concept 1 with the exception of body drying. 
Body drying is accof'ipli^hpd hy hpitod nir na<;«;inn over t.h«» rrevjman's body while 
In the stall. The concept eliminates the requirement for towels and the asso- 
ciated washer/dryer penalties; however, it is a high power consumption unit. 
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SPACECRAFT Spar.p S Ution 

HABITARILITY SUBSYSTE M Personal Hygic^no H AGITACILITY FUNCTION Body Cic.-mcinn 

APPLIANCE FUNCTION Whole Body Showor 

APPLIANCE CONCEPT NO. /TITLE 3/Mochanica1 

INDEX NO. 2.2. 1.3 REF. NO. 278 

DESCRIPTION 

The mechanical shower concept is whole body showering without air recirculation 
and vacuum water retrieval systems. The water is picked up manually using 
towels. The towels are washed and dried after use. Five towels per showor 
(Ref. 278) are required lor crewman drying and water pickup. Each towel is 
assumed to hold 1.0 pints of water. The stall and water distribution system 
are identical to Concepts 1 and 2. Water recovery from the toivels is accom- 
plished by spin drying in the washing machine. The amount of v/ater left in 
the towel after spin drying is neglected since it is equivalent to towels being 
washed and then dried. This is a valid assumption because the towels are 
washed after each shower. 
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SPACECRAfT Space Station 

HABITABILITY SUBSYSTE M Porsoti<-i1 Hynicno H ABITABILITY FUNCTION Body Clocinsitig 
^APPLIANCE FUNCTION V.'hole Cody SheCer 

" — " — - 1 " — — ■ - I— .1^— — I . Ill, .11 I II Ml I .. ■ -...I I - 

APPLIANCE CONCEPT NO. /TITLE ^/Collopsihle (SFvlab) 

INDEX NO. 2.2. 1,4 REF. NO. 279 ,283,297 ,282 ,P55, 209 

DESCRIPTION 

The collapsiblG shower concept was used on Skylab. The shower stall is folded 
down for use to minimize space. The shower enclo'sure consists of two end ring 
closures and a translucent Beta cloth skirt with stiffening rings. One end 
ring attaches to the floor and the other to the ceiling when the shower is in 
use. Water is delivered through a nozzle witfi vacuum pickup of water. The 
waste water is centrifugal ly separated and routed to the water waste management 
system. Six pounds of water were used for this concept per shower (Ref. 282). 
One towel per crewman per shower is used for drying. 
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KAinTADl 1. ITY SUCSYSTIM 2 . 0 Pers ona l ll yniono ^ 

^ HAniTABl I. n Y rui;CT lo:; _2 , 2 _ Body_ cieansj^q 

Am. I A:;CE ru:;CT I on 2 . 2.2 Partial Body H as hing 

NU:'.0ER or CONCEPTS CONSIDERED 6 

ASSUMPTIONS 

(1) The partial body v;ashing is the v/ashing of local body areas (i.e., feet, 
hands, face). 

(2) Washor/drycr penalty was based on washer Concept 7, Water Spray 
Agitation, and dryer Concept 1, Forced Hot Air-E'.ectric Dryer. 

(3) Water used for Space Station body cleansing was assumed to be recycled 
minus the water associated with the suspended solids. Shuttle water used 
is not recycled. 

(4) Partial body washing frequency used for the study is 10 tiines per day per 
man with a use time of the wetting unit or equivalent of 2.25 minutes per 
use. 

(5) Washcloths or reusable paper wipes, if required, are discarded after 
60 washing cycles. 
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APPLIANCE CONCEPT COMPONENT SOKMARY MATRIX 








I 


\y^ M'-' (.1 ■] 


SPACCCfOT Spaa- S1.it io.n 

HABITABILITY SUBSYSTEM Personal ilynlone H ABITABILITY FUNCTION Body Clo-msing 

APPLIANCE FUNCTION Partial Body 'Jashing 

APPLIANCE CONCEPT NO. /TITLE l/Disposnh1o Wot Winos 

INDEX NO. 2.2.2. 1 REF. NO. 236, 186 

DESCRIPTION 

The disposable wet wipes concept is a sponge bath technique used to clean local 
areas of the body. A wetting and soaping unit, with hand holes is supplied 
for the function. The unit has a water supply outlet, a storage area for soap 
and a fan for providing water entrainment during use. A centrifugal separator 
is provided upstream of the blower to collect used water. Water temperature 
is controlled by mixing hot with cold water in a temperature controlled mixing 
valve. The crewman first "soaps up" the wipe in the wetting unit, then uses it 
to clean the required areas of the body. The wipe is wrung out and rinsed 
inside the wotting unit. The rinsed damp wipe is used to wipe excess soap from 
the body. A final rinse and wringing out of the wipe is accomplished and the 
wipe is disposed of by depositing it into a vacuum drier to .emove excess water 
The dried wipe is then deposited into the refuse system. The disposable wipes 
are 12 inch squares of 4 ply wet strength paper, 10 of which are supplied per 
crewman per day. 
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SPACr C RAr T__Sjja cp Station 


HABITABIL n Y SUr.SYSTI.M Pcr^>i na1 Hygiene HABITABILITY FUNCTION Body Clean si ng 

APPLIAIJCl rU!iCTI0N_ Partial B ody Washin g , 

APPLIANCE CONCEl'T NO. /TITLE ^/Reusable Uet Wipes 

INDEX NO. '2. 2 . 2. 2 REF, NO. ^36, 186 

DESCRIPTION 

The reusable v/et wipe concept is a sponge bath technique used to clean local 
areas of the body. The wetting unit described in Concept 1 is also required 
foi* this concept. The reusable wipes, however, are wrung out in the wetting 
unit and reused. Reusable wipes are provided on a per man basis. The wipe 
is washed and dried using a washing machine and dryer. After 60 washings, 
the wipe is discarded and replaced. The reusable wipes are 10 inches square 
of 4 ply "wet strength" paper. 
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SPACECRAf T Space S tot ion 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

^/PPLIANCL FUNCTION Partial Body llashinf.i 

APPLIANCE CONCEPT NO. /TITLE 3/Disposab1c Wipes (Skylab) 

INDEX N0.__, REF. NO. P50, 283 

DESCRIPTION 

The disposable wiper concept is made up of prepackaged wipes which were used 
on Skylab. The wipes are contained within a pa-Ckage to eliminate water evap- 
oration during storage. The units are used and discarded. The Skylab size 
wipe weight and volume were ratioed (6,3) to the 10 inch square wipes used in 
Concepts 1 and 2 in order to provide an equivalent trade. 


Wipe Dispenser 
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SPACECRAFT Sp.'re Sf..itir>n 

HABITABILITY SUBSYSTE M Perr.on.i1 Hyginno H ABITABILITY FUNCTION Body Clennsing 
APPLIANCE FUNCTION P<irtin~' Body Hnr>hinn 

4 

APPLIANCE CONCEPT NO. /TITLE 4/AutnMinUc Spnnnp 

INDEX NO. ?.2.?A REF. NO. ?36. 100 

DESCRIPTION 

The automatic sponge concept is a hand-held scrubber head connected by coaxial 
flex tubing to a water supply valve and an air transport system. Water is 
fed into a sponge in the scrubber head for use in cleaning the body. A v;ater 
pickup housing connected to the vacuum line surrounds the sponge. A water 
separator is used to collect water from the cabin air. A pump unit injects the 
water into the- v/ater waste management system. Each crewman has a sponge and 
is provided with one sponge per month to fit the scrubber head. 
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SPACECRAPT Space Station 

HABITABILITY SUBSYSTE M Rcrr.ona1 Hygiene HABITABILITY FUNCTION Cleansin(j 

APPLIANCE FUNCTION Partial Body Wcishin<i 

APPLIANCE CONCEPT NO. /TITLE 5/Rous<ib1e Udshcloths 

index NO. 2. 2.?. 5 PEF. NO. 236.237.245,^09 

DESCRIPTION 

The reusable washcloths concept is the same as Concept 2; however, terry 
washcloths are used for cleansing cloths. The tc-ry washcloths are 6 inches 
square. The washcloth is used for fiO washings then is discarded and rcp.aced. 
The washcloth is washed and dried da.ly using a washing machine and dryer. 
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SPACECilAFT Space Station 

HABITABiLITY SUBSYSTEM Personal Hycjicno H ABITABILITY FUNCTION Bot^y Cleansing 

APPLIANCE FUNCTION Partial Body Washing 

APPLIANCE CONCEPT NO. /TITLE 6/DisposabIo Ha<;hc1oths (^kylab) 

INDEX NO. 2. 2. 2. 6 REF. NO. 236,283 


DESCP^IPTION 


The disposable washcloths concept is the system used on the Skylab vehicle. 
The terrycloth washcloths are wetted by depressing a v/ater supply valve. The 
unit will provide warm water from a heated storage tank. After the cloth is 
used, it is squeezed using a manual squeezer unit. The water squeezed from 
the washcloth is recovered and routed to the water waste management system. 
One washcloth is provided per man per day. The washcloths are disposed of by 
deposit into a vacuum drier to remove excess water. The dried cloth is then 
deposited into the refuse system. 
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NUI’BEP or CCNCEPIS CONSIDERED 3 


ASSUNPTICNS 

(1) The wipes cmcl towels considered for partial body drying provide the ir.eans 
for drying local body areas after partial body washitio. 

(2) Washer/drycr penalty was based on wasltor Concept?, Hater Spray Agitation, 
and dryet Concept 1, Forced Hot Air-Electric Dryer. 

(3) Vacuu:n drying, if used, assu:res the residual water in the item to bo 
dried is lost to space. Cabin air loss is also computed, since the 
chamber contains a finite aiiiount of cabin air prior to pump dov/n. 
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SPACLCU/'I T 5>|).ir» St . itiof 

HAUn. :LITY SUDSYSTCM 


M v'iicnf' H ABITADIIITY FUXTION r/' dv Clo.in-.ii /- 


APPL I Af JC t ruriCT I CN P .-irtial Pody Pry inn 

APPLIANCE CONCEPT NO. /TITLE l/no iir,(M.1o P ry Hipp-> 

INDEX NO. 2.2. 3.1 REF. NO. 236.250 


DESCRIPTION 

The reusable dry v/ipe concept consists of wipes made of tc-rrycloth. The 
torrycloth wipes arc 15 x 30 inches ar,c! are used 10 times per day before 
washing. The concept includes f-- weight and volume of the wipe' dispenser. 

The tov;ols are washed and dried after one day of usage and are discarded after 
60 washings. The concept is penalized for the washer/dryer function required 
to recycle the wipes. The .errycloth wipes are smaller and lighter than the 
terry towels used for whole body drying after showering. 
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SPAC E C RAFT Sp.ico Station 

HABITABILITY SUBSYSTE M Personal Hygiono H ABITABILITY FUNCTION Body Cleansing 

^APPLIANCE FUNCTION Partial Body Drying 

APPLIANCE CONCEPT NO. /TITLE P/Disposablo Dry Wipo^ 

INDEX NO. 2.?. 3. 2 REF. NO. 236 

DESCRIPTION 

The dispcsablo dry v/ipe concept consists of v/ipos made of 4 ply "wet strength" 
paper. The paper wipes are 12 x 18 inches and are discarded after two uses. 
The wipe usage is based on 10 times per day per man. The wipes are disposed 
of by depositing into a vacuum drier to remove excess water. The dried wipe 
is then deposited into the refuse system. The concept includes the weight and 
volume of the wipe dispenser. 
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SPACECRAFT Sparo Station 

i * 

^ HABITABILITY SUBSYSTEM Porsonnl Hyc;uMin H ABITABILITY FUNCTION Body Clo.insinn 

APPLIANCE FUNCTION Partial Rcrty Drvinci 

APPLIANCE CONCEPT NO. /TITLE 3/E1octnr Dryer 


INDEX NO. 2. 2. 3. 3 REF. NO. E1ec*^ ^ ric-Air Corn. 

DESCRIPTION 

The electric dryer concept is identical to the terrestrial type used in 
restrooms. The concept incorporates a fan for blowing warm-dry air on the 
local body areas requiring drying. A nozzle is provided which can be used to 
direct the air stream. The concept docs not require wipes for drying. A 
large "button" switch is provided for ease of actuation and the unit uses a 
timer to automatically turn off the unit after 40 seconds of operation. The 
automatic shutdown is incorporated to save power. 
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HADlTAnil. n Y SUi:SYSTFil_ 2 , 0 . JorsonoLJIvjdctlCl 1 

1 1 AB I T AB 1 L I T Y F U ! »' C T 1 0 * I ? . 3_Po r r o n 't ]_ H r o on i i \ 

APPLIANCC Fu:;CTI0N 2.3.1 Sh a ving 

hu!':p.pr of co:;ci:pts coiisiPcnED 5 

ASSUHPTICr.’S 

(1) The shaving concepts are mechanical, electric, and vacuum operated with 
methods incorporated to retrieve cut hair particles to prevent cabin 
contamination. 

(2) The study assumed one shave per day per man. 

(3) Shaving is assumed to take 6 minutes per shave (236). 
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conccpt 

NO* C 

1 - fCT 

2 - OPT 

3 - DRY 

H - CRT 

S • «ET 


ONCCPT NAhC - 

SMAVC YM^H SATETY PaZoH AKO CREA« 
SHAVC-ELtC Th I C Ri^O»/VAcUUH COLUCCTION* 

ShaV^^vv iNf)iiP RaZOk 

SHAVE-VaCL’Um OMIVKN ^AZhR 
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SPACECRAFT Space Station 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTIONPersonal GroomintL 

^APPLIANCE FUNCTION Shaving 

APPLIANCE CONCEPT NO. /TITLE 1/Uet Shave-Safetv.R aznr and Cream 

INDEX NO. 2.3.1.1 REF. NO. 23$.»2QZ 

DESCRIPTION . 

The safety razor and cream wet shaving concept consists of a safety razor and 
cream. The safety razor is an injector type an‘d the shaving cream is contained 
in aerosol cans. The Skylab crew felt shaving cream should be dispensed using 
an aerosol can. The safety razor is provided with an arm which is actuated 
to remove the hair particles and cream prior to wiping the razor. One new 
blade is provided for every three days of usage. This concept was flown on 
Apollo. 
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SPACECRAFT Space Station 

u — 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Shaving 

APPLIANCE CONCEPT NO. /TITLE 2/Drv Shave-Electric Razor/Vacuum Collection 

INDEX NO. 2. 3. 1.2 REF. NO. 236.207 

DESCRIPTION 

The electric razor/vacuum collection dry shave concept consists of an electric 
razor with vacuum collection of the cut hair particles. The electric razor 
incorporates a hood to aid vacuum collection. The unit requires^ a vacuum for 
collection of the hair particles. The concept, therefore, is penalized for 
a vacuum unit based on operating time. The vacuum unit used is Identical to 
the Sky lab power module. 
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SPACECRAFT Space Station 

HABITABILITY SUB3YSTE H Personal Hyoieno H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Shaving ^ 

APPLIANCE CONCEPT NO. /TITLE 3/Drv Shave-Windiip Razor (Skviab) 

INDEX NO. P.3.1.3 REF. NO. NASA JSC, G.E. 

DESCRIPTION 

The windup razor dry shave concept consists of a mechanical windup motor 
shaver with a hair particle reservoir. The unit was used on Skylab and the 
weight and volume figures specified are for the flight weight unit. 
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SPACECn.^'-^ Space Station 

HABITAEIL!TY SUBSYSTEM P ersonal Hyniene H ABITAIKLITY FINCTION Personal Groomin g 

^APPLIANCE FUNCTION Shaving 

APPLIANCE CUNCEPr NO./TITLE 4/Dry Sh,. v :.-u ..in Motor-Drivon Razor 

INDEX NO. 2.3. 1. 4 r; K. nq. 280 

DESCRIPTION 

The ''acuum motor-driven razer dry s^hayc concept consists of a VuCuum driven 
motor with a hair particle reservoir. 

The motor runs on space vacuum which turns the shaver at 2500 RPM. 
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APPUANCC CONCU'T RlQi-lf(t!1lNTS AND PtNAlUCS CALCULATIONS (CONCLNOIO) 
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SPACECRAFT Space Station 

rABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 
APPLIANCE FUNCTION Shaving 

APPLIANCE CONCEPT NO. /TITLE 5/Wot Shave-Safety Razor/Vacuum Collection 

INDEX NO. 2. 3. 1.5 REF. NO. 236.206 

DESCRIPTION 

The wet shave safety razor/vacuum collection concept consists of the same 
razor described in Concept 1 with the addition of vacuum collection. The 
vacuum unit used is identical to the Skylab pov/er module. The concept is 
penalized for a vacuum unit based on operatiny time. 
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j il’ HABITADILITY SUBSYS1C1 Personal Hygiene 


HABITABILITY ruf.’CTION 2.3 Personal Groomin g 
APPLIANCE rUKCTIOM 2.3.2 Hair Cutting 


NUKCER or CONCEPTS CON'SIPERED 


ASSUNiPTIONS 

(1) The hair cutting concepts are mechanical and electrically operated with 
methods incorporated to retrieve cut hair particles to prevent cabin 
contamination. 

(2) The study assumed one haircut every 14 days for Concept 1 and every 
7 days for Concept 2. 

(3) Hair cutting is assumed to take 15 minutes for Concept 1 and 5 minutes 
for Concept 2 per haircut. 
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SPACECRAFT Sonce Station 

HABITABILITY SUBSYSTE M Porsonal Hvnicne H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Hair Cutting 

APPLI..NCE CONCEPT NO. /TITLE 1/ElPctric Clipper /Vacuum Colloction 

INDEX NO. P.3.2.1 REF. NO. 236 .207 

DESCRIPTION 

The electric clipper/vacuum collection concept consists of an electrically 
driven clipper with vacuum collection of the hair clippings. The clipper is 
similar to the terrestrial barber type. The unit used for vacuum collection is 
the pov/er module used on Skylab. A hood is employed over the clipper area to 
assist in the pickup of the hair clippings. 
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HAIU TAni l. ITY SUUSYSTCM 2. 0 PGrson .il lly nicno 

^ HAP. I TAD 1 L I T Y lUDCT I ON 2.3 Pe rso nal G r oomin g 

APPLIANCE ruijCTION 2.3.3 Nail Care 

♦ 

NUMBER or CONCEPTS CONSIDERED 2 

ASSUMPTIONS 

(1) The nail care concepts considered are manual operations using bag and 
vacuum collection of nail clippings. 

(2) The study assumed nail cutting once every 14 days. 

(3) Nail cutting is assumed to take 5 minutes per use. 
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2 -■ hctal nail ritc-VACoun collection 



Nail Care (Space Station) Concept Trade 
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SPACECRAFT Space Station 

HABIIABILITY SUBSYSTEM Personal Uyciiono H ABITABILITY FUNCTION Personal nrooming 

APPLIANCE FUNCTION Nail Care 

« ■ “ ' ■ ■■ 

APPLIANCE CONCEPT NO. /TITLE 1/Manual Nail Clinncr/Ban Collection 

INDEX NO. 2.3.3. 1 REF. NO. 236,207 

DESCRIPTION 

The manual nail clipper/bag collection concept consists of a terrestrial type 
nail clipper enclosed by a bag to contain nail clippings. The bag incorporates 
a finger cuff and ring to form a seal around the finger during nail cutting. 

The collection bag is transparent to observe nail clipping. 
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. SPACECRAFT Space Station 

T i' 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Pr-r«;ona1 Grooming 

APPLIANCE FUNCTION Nail Care 

APPLIANCE CONCEPT NO. /TITLE ?/Meta1 Nail Fi le/Vacnum CoHoctioD 

INDEX NO. P.3.3.2 REF. NO. ^ 236.207 

DESCRIPTION 

The metal nail file/vacuum collection concept consists of a nail file with 
vacuum collection of nail filings. The file has a hood around the file to 
improve the vacuum collection efficiency. The concept is penalized for a 
vacuum unit based on operating time. The vacuum unit used is identical to 
the Skylab power module. 
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HAiniAinLllY SUiiSYSTLM 2.0 Personal Hytiiene 


HA15 1 TAB I L I T Y FUI.’CT 1 0.‘J 2 .3 Pe rsonal Groom ing 

APPL I ANCC r i!NCT I ON 2. 3.4 Tccthbrushing 

NUMDTR OF CORCilPTS COBSI OCRED 3 

ASSUMPTIONS 

(1) The dental concepts are manual and electric. Manual brushing and water 
flushing are the concepts considered by the study. 

(2) The study assumed four brushings per day per man. 

(3) Teethbrushing is assumed to take 5 minutes per brushing. 

(4) Dental floss is provided for each concept for cleaning the crevices of 
the teeth. Each crewman is supplied a number of 50-foot rolls of dental 
floss as determined by mission length. The usage is based on approximately 
one foot per day per crev/man. 
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SPACECRAFT Space Station 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Teeth Brushing 

APPLIANCE CONCEPT NO. /TITLE 1/Toothbrush vnth Dentifrice 

INDEX NO. 2,3.4. 1 REF. NO. 236 

DESCRIPTION 

The toothbrush with dentifrice concept consists of a terrestrial type toothbrush 
with dentifrice. The dentifrice is digestible to be nonhazardous if accidentally 
swalla/ed and is dispensed by a roll-up tube. Mouthv/ash is also provided in 
a soft plastic "squeeze bottle." One squeeze bottle per each crewman is pro- 
vided for hygiene reasons. The mouthwash is used to mix with the dentifrice 
and is expectorated into a sink or fecal collector. This concept has flown 
on Apollo. 
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SPACECRAFT Space Station 

HABITABILITY SUBSYSTE M Personal Hvniene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Teeth Brushino 

APPLIANCE CONCEPT NO. /TITL E 2/Water Pix 

INDEX NO. 2. 3. 4. 2 REF. NO. 236.207 

DESCRIPTION 

The water pix concept is the same as the terrestrial type. One unit is 
provicleJ with individual tips for each crewman. The unit is plumbed with 
water and wired electrically for power. The water pix creates a high velocity 
spray which is directed at the tooth crevices to loosen debris. The v/ater is 
collected in the mouth and expectorated into a sink or fecal collector. The 
water is assumed to be recoverable by the study with the exception of the water 
loss due to suspended solids. 
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SPACECRAFT Space Stotion 

HABITABILITY SUBSYSTE M Personal Hygicno H ABITABILITY FUNCTION Personal Grooming 

^APPLIANCE FUNCTION Teoth Brushing' 

APPLIANCE CONCEPT NO. /TITLE 3/E1ectric Toothbrush with Dontifrico 

INDEX NO. 2. 3. 4. 3 REF. NO. 236.207 

DESCRIPTION 

The electric toothbrush with dentifrice concept consists of a motor-driven 
toothbrush with individual brushes for each crewman. The same dentifrice 
and mouthwash used for Concept 1 are utilized for this concept. The vibratory 
action of the toothbrush has the advantage of massaging the gums as well as 
cleaning the tooth. The unit is wired electrically to provide paver to Uie 
unit. 
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